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THE  PROPER   MOTION   OF  THE  COMPONENTS   OF  6i    CYGNI. 


S.  W.  BURNHAM* 
For  The  Messknghk. 


I  have  never  been  able  to  find  in  the  micrometrical  obser- 
vations of  61  Cygni  any  evidence  of  physical  connection  be- 
tween these  two  stars,  or  rather  that  they  probably  form  a 
binary  system.  The  fact  that  the  measures  appear  to  show 
rectilinear  motion  only;  and  the  further  fact  that  the  two 
stars  have  a  different  proper  motion,  at  least  tend  to  show 
that  each  is  moving  independently  through  space.  At  this 
time  61  Cygni  certainly  looks  like  a  double  star,  although 
even  now  the  distance  between  the  star  is  much  too  great  to 
indicate  that  it  is  probably  binary;  but  a  thousand  years 
ago,  taking  the  proper  motions  as  substantially  correct,  no 
double  star  observer  would  have  thought  of  looking  at  it  a 
second  time.  The  stars  are  now  slowly  separating,  and  it  is 
easy  to  predict  what  their  appearance  will  be  to  the  obser- 
vers of  a  hundred  years  hence.  We  have  no  example  of  a 
well  recognized  binary  where  the  distance  between  the  com- 
ponents is  anything  like  as  large  as  that  of  61  Cygni.  All  of 
the  systems  showing  sufficient  angular  motion  to  make  it 
certain  that  the  stars  are  revolving  about  a  common  center 
of  gravity,  have  comparatively  small  apparent  distances. 
This  is  so  well  recognized  that  it  has  not  been  considered 
worth  while,  so  far  as  the  discovery  of  binaries  is  concerned, 
to  record  new  objects  wdiere  the  distances  of  nearh'  equal 
components  exceed  two  or  three  seconds ;  and  it  is  equally 
■certain  that  stars  in  rapid  motion  will  be  found  only  where 
the  minimum  distances  are  much  less  than  V.  Just  what 
should  be  inferred  from  stars  having  nearly  the  same  proper 
motion,  and  in  the  same  direction,  perhaps  no  one  is  pre- 
pared to  say  at  this  time.    There  are  many  examples  in  the 
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heavens  of  this  common  movement.  Some  of  the  stars,  like 
61  Cygni,  are  apparently  near  each  other;  while  others,  like 
those  of  the  Great  Dipper,  are  widely  separated,  and  no  one 
w^ould  think  of  suspecting  that  they  had  an  orbital  motion 
with  reference  to  each  other,  although  they,  and  the  com- 
ponents of  61  Cygni,  may  be  moving  around  some  common 
central  point. 

If  the  measures  of  61  Cygni,  commencing  with  the  earliest 
observations,  are  carefully  platted,  they  will  be  found  to 
represent,  as  nearly  as  measures  can  which  arc  more  or  less 
in  error,  rectilinear  motion.  Of  course  some  of  the  measures 
will  lie  on  one  side  or  the  other  of  any  line  that  can  be 
drawn ;  and  if  some  of  the  measured  distances  near  either 
end  of  the  line  are  a  little  too  small,  as  is  quite  likel3^  to  be 
the  case,  they  will  give  the  whole  series  the  appearance  of  a 
curve.  I  have  platted  in  this  way  scores  of  stars  where 
there  \vas  no  suspicion  of  anything  but  proper  motion,  and 
very  rarely,  if  ever,  found  an  instance  where  the  measures  as 
a  whole  were  so  well  represented  by  a  straight  line.  When 
the  relative  accuracy  of  the  several  measures  is  taken  into 
account,  by  considering  the  times  at  which  the  observations 
were  made,  the  instruments  used  in  the  work,  the  number  of 
nights  contributing  to  the  mean  results,  and  particularly 
the  experience  of  the  observers,  it  is  not  difficult  to  draw  a 
line  which  will  represent  the  motion  of  the  star  with  all  the 
accuracy  attainable  from  the  given  data. 

Until  recently  I  have  never  measured  61  C3^gni,  for  the 
reason  that  much  more  time  has  been  given  to  measures  of 
this  pair  than  its  importance  as  a  double  star  warrants, 
when  so  many  far  more  interesting  systems  have  been  either 
very  imperfectly  followed,  or  almost  wholly  neglected.  In 
order  to  see  where  the  present  i)lace  of  the  secondary  star 
would  be  on  the  line  representing  its  apparent  movement,  I 
have  made  within  the  Inst  two  or  three  weeks  a  set  of  meas- 
ures on  four  nights  with  the  12-inch  telescope.  These  meas- 
ures give  for  the  distance  21'M5,  and  the  position-angle 
121".9  (1800.87);  and  represent  as  well  as  could  be  desired 
the  change  due  to  the  proper  motions  of  the  two  st.'irs. 

Two  ways  may  be  employed  to  show  graphically  from  the 
measures  the  several  i)()sitions  of  the  components.  The  first 
and  the  one  generally  used,  is  to  treat  the  i)rini.'irv  star  as 
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fixed  during  all  the  ob- 
servations, and  lay  off 
the  angle  and  distance 
of  the  companion  at 
each  epoch.  In  this 
case  the  companion,  if 
it  has  no  motion  of  its 
own,  will  have  an  ap- 
parent motion  equal 
to  the  real  proper  mo- 
tion of  the  principal 
star  and  in  the  oppo- 
site direction.  The 
other  plan  is  to  plat 
the  measures  with  the 
primary  shifted  along 
the  line  of  its  proper 
motion  by  the  exact 
amount  of  its  displace- 
ment during  the  inter- 
val between  successive 
observations ;  in  other 
words  giving  the  two 
stars  the  exact  places 
they  actualh'  occupy 
in  the  heavens  at  every 
measure.  This  method 
has  a  great  advantage 
over  the  other  when 
the  proper  motion,  as 
in  the  case  of  61  Cj-gni, 
is  accurately  known. 
I  have  used  both  in  this 
case,  and  give  here  the 
latter  diagram,  which 
was  made  on  a  scale  of 
20"  =  1  inch.  The  an- 
gles were  carefully  laid 
off  to  the  nearest  tenth 
of  a  degree,  and  the 
distance  to  the  nearest 
tenth  of  a  second.  The 
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latest  determination  of  the  annual  proper  motion  of  the 
principal  star  is  ^iven  as  5". 196  in  the  direction  of  51°. 5, 
and  this  value  was  used  in  platting  the  measures.  The 
measures  from  1830  to  1874  inclusive  are  by  -and  O- ; 
those  of  1880  and  1884  are  by  Hall;  1887  by  Schiaparelli ; 
and  1890  my  own  measures  previously  referred  to.  The 
original  diagram  when  completed  was  reduced  in  the  camera 
to  the  size  given  here. 

It  will  be  seen  that  these  measures  give  not  the  least  indi- 
cation of  departure  from  rectilinear  motion  in  the  smaller 
star.  Indeed,  they  could  not  better  represent  absolute  mo- 
tion in  a  right  line.  We  have  all  sorts  of  measures  of  this 
pair,  good,  bad  and  indifferent;  and  I  have  no  doubt  any 
one  having  a  fair  acquaintance  with  the  work  of  the  numer- 
ous observers  who  have  measured  this  pair,  could  readily 
select  by  inspection  a  series  of  measures  which  certainly  fail 
to  give  rectilinear  motion,  and  probably  would  give  an  ap- 
parent curve  in  one  direction  or  the  other.  In  dealing  with 
questions  of  this  kind,  it  is  better  to  rely  altogether  upon 
the  observations  of  the  best  and  most  experienced  observers, 
and  therefore,  I  have  used  the  Pulkowa  measures  for  the  en- 
tire period  covered  by  them.  It  was  impossible  to  show 
Bradley's  position  of  1753  on  this  diagram  without  making 
it  on  too  small  a  scale  when  reduced  to  suit  the  page  of  this 
journal ;  but  this  position  was  used  in  the  diagram  made 
with  the  principal  star  considered  as  fixed,  and  it  is  in 
perfect  harmony  with  the  rectilinear  motion  shown  by  the 
other  measures. 

The  diagram  given  here  furnishes  an  accurate  and  easy 
means  of  determining  the  relative  proper  motion  of  B  bj' 
measuring  the  motion  of  that  star  along  its  path  (hiring  the 
60.2  years  covered  by  the  measures,  and  the  angle  which 
that  line  makes  with  the  meridian.  The  annual  movement 
is  thus  shown  to  be  5'M13  in  the  direction  of  53". 5. 

On  several  occasions  during  the  last  year  or  two,  I  have 
examined  both  components  with  the  36.inch  refractor  to  see 
if  any  real  double  star  could  be  discovered  but  they  ap- 
jjenred  to  be  perfectly  round  under  the  highest  powers,  and 
as  the  atmospheric  conditions  were  favorable  it  was  evident 
there  was  nothing  left  for  the  large  telescope  to  do  in  this 
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Professor  Newcomb  in  speaking  of  the  character  of  the 
motion  of  the  components  of  this  star,  has  briefly  and  forci- 
bly stated  the  case,  and  his  opinion  upon  this  subject : 

"The  only  conclusion  open  to  us  is  that  each  of  them  de- 
scribes an  immense  orbit  around  their  common  center  of 
gravity,  an  orbit  which  may  be  several  degrees  in  apparent 
diameter  and  in  which  the  time  of  revolution  is  counted  by 
thousands  of  years.  Two  thousand  years  hence  they  will 
be  so  far  apa)  t  that  no  connection  between  them  would  be 
suspected." 

I  think  this  conclusion  is  fully  warranted  by  all  the  evi- 
dence bearing  upon  the  case;  and  that  all  attempts  to  com- 
pute an  orbit  for  this  pair  must  necessarily  result  in  failure. 

If  this  does  not  sufficiently  appear  from  the  measures  al- 
ready made,  it  will  soon  be  apparent  from  measures  to  be 
made  in  the  near  future.  A  careful  set  of  measures  every 
five  years  hereafter  will  be  all  that  is  necessary  in  following 
01  Cygni  considered  as  a  double  star. 
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HDWAIUJ  C.  PICKERING.' 

For  The  Mkssknckk. 

At  the  November  meeting  of  the  Royal  Astronomical 
Society  Mr.  Fowler  announced  the  discovery  that  the  star 
'/  Lyrae  was  a  close  binary  having  a  period  of  24.68  hours. 
The  maximum  difference  in  the  velocity'  of  its  componets  as 
derived  from  the  doubling  of  the  lines  in  its  spectrum  was 
370  miles.  Confirmation  of  this  discovery  is  ver^'  desirable, 
since  the  star  would  then  l)ccome  one  of  the  most  interesting 
objects  in  the  sky.  Accordingly  the  large  collection  of  pho- 
tographs of  the  Henry  Draper  Memorial  has  been  carefully 
examined.  Seventy  photographs  of  the  spectrum  of  a  Lyras 
were  found,  the  first  one  being  taken  on  October  21,  1886. 
Many  of  them  were  taken  with  4  prisms  of  15°  each,  and 
showed  excellent  definition  ;  a  twentieth  part  of  the  separa- 
tion of  the  lines  as  observed  by  Air.  Fowler  should  be  visi- 
ble.   Any  given  photograph  might  have  been  taken  when 
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the  lines  were  single,  but  the  chances  would  be  thirty  to  one 
that  this  would  not  be  the  case.  Of  course  the  chances  that 
all  could  be  taken  at  these  times  would  be  infinitely  small. 
Moreover,  the  interval  between  the  successive  photographs 
is  not  always  a  multiple  of  12. 34  hours.  One  of  the  photo- 
graphs was  taken  October  12,  1890,  four  days  after  the  star 
was  seen  double  by  Mr.  Fowler,  but  its  lines  are  single.  In 
some  photographs  the  lines  are  a  little  hazy  and  in  two  the 
lines  appear  closely  double,  but  this  often  happens  when  the 
image  is  slightly  out  of  focus  and  there  is  any  spherical  aber- 
ration in  the  lens  or  prisms.  Since  the  news  of  the  discovery 
reached  Cambridge,  twenty-two  photographs  have  been  ob- 
tained on  the  evenings  of  December  2,  4,  7,  and  9,  and  on 
the  mornings  of  December  8  and  10.  All  of  them  show^  the 
lines  single  except  those  taken  on  December  2,  which  were 
out  of  focus.  It  may  therefore  be  regarded  as  proved  that 
the  orbit  cannot  have  the  simple  character  announced  by 
Mr.  Fowler.  The  observed  doubling  of  the  lines  may  be  ac- 
counted for  in  three  ways.  First,  b}-  an  error  in  the  focus. 
This  seems  improbable  since  successive  photographs  taken 
November  1  showed  a  variation  in  the  separation  of  the 
lines.  Secondly,  the  orbit  may  be  very  elliptical,  in  which 
case  the  lines  might  be  double  for  a  few  hours  at  periastron 
when  the  motion  is  rapid,  remaining  single  for  the  rest  of 
the  time.  As  the  lines  were  double  on  October  8  and  No- 
vember 1  the  half  period  might  be  twenty-four  days  or  any 
sub-multiple  of  that  time.  In  this  case  the  lines  should  be 
again  double  on  November  25  and  December  19,  and  per- 
haps on  December  7  and  31.  With  a  shorter  period  the 
binary  character  could  scarcely  have  esca])ed  detection. 
Thirdly,  a  great  variety  of  appearances  might  be  pro- 
duced by  the  presence  of  a  third  body.  Apparent  irregular- 
ities in  the  doubling  of  the  lines  in  r,  Mrsic  Mnjoris  suggest 
such  an  exi)lanation.  A  circular  orbit  will  not  account  for 
the  observed  changes  in  this  star.  On  the  other  hand  the 
variations  of  /i  Auriga*  seem  to  be  very  regul.'ir.  An  ai)prox- 
imate  reduction  of  a  series  of  130  i)hotogniplis,  extending 
from  November  20,  1886,  to  December  9,  1890,  indicates  a 
])cri()(1  3J  23/7  30. 7m  and  that  the  lines  should  be  single 
about  (»recnwich  noon  on  J.'inuary  1,  1891. 

HaKVAKI)    CoiAAiCK    OnSKKVATOKV, 

Cambridge,  Mass.,  Dec.  12,  1890. 
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New  Variable  Stars  in  Perseus,  Triangulum  and  Hydra. 


M.    FLEMING. 


[Communicated  bj-  E.  C.  Pickering,  Director  of  Harvard  College  Observatory]. 

A  list  of  interesting  objects  showing  peculiarities  in  their 
photographic  spectra,  and  resulting  from  an  examination  of 
the  photographs  of  stellar  spectra  taken  at  Cambridge  with 
the  8-inch  Draper  telescope,  and  at  Chosica,  near  Peru,  with 
the  8-inch  Bache  telescope,  is  given  in  the  following  table. 
The  designation  of  the  star  is  followed  by  its  approximate 
position  for  1900,  its  magnitude,  the  date  on  which  the 
photograph  was  obtained,  the  instrument  employed,  and  a 
brief  description  of  the  peculiarity  in  its  spectrum. 


Desifiru. 

R.  .V.     Dec. 

M.        Date. 

Instrument. 

Description. 

I'JOO         1900 

h     in         °    ' 

DM  —  20°50 

0  1«.7  —  20  37   5  5  Oct.  15.  1890 

Draper  8-)n.  tel. 

Ill  type. 

DM  +  i-^  4;u 

I  53.0  +  54  20  a.O  -NQV.la.  IKVJ 

" 

Ill  type.     Hydr.linesbriKht. 



\  55.1  +  58  15    ....  .Nov.   3,  18.<<7 

Kache  telescope 

Ill  type.    Hydr.  lines  bright. 

DM  —  10  .'■.i;i 

2  .30.2  —    9  .%3   SO  Nov.   5.  ls9J 

Draper  s-in.  tel. 

IV  type. 

DM  +  Xi  470 

2  31.0  +  :«  50   9  2  Oct.  13,  lSi»l» 

Ill  type.     Hydr.linesbriKht. 

DM  +  5«  «S0 

2  33.0  +  .'itt  18   9.1  Nov.  17,  1890 

HriKht  lines. 

DM  +  m  7.11 

2  44.8  +  50  31  19.5  Nov.  17,  1890 

Bright  lines. 

A.G.C.    7191 

5  59.4  —    «  42  5.8  Feb.  15.  18S8 

Bache  telescope 

F  line  briKht. 

17717 

12  .')«.3  —  70  5«  ,«.»!  .May  14,  1890 

"           " 

F  line  liright. 

'•       1K770 

13  43.4  —  27  44   7.0  .May  15,  1890 

"           " 

HI  type.    Hydr.  lines  bright. 

••       1WU7 

!3  .il.6  —  55  51  l8.0  .Mav  25,  1890 

"           " 

IV  type. 

"       SC'iSl 

15    4.8  —  BO  42  6  2  .May  20,  1890 

..           11 

IV  type. 

"       'i-lim 

1«  21.2  —  18  14  |4.«  June  18,  ISUO 

"           " 

F  line  bright. 

H. P.  3321 

19  1«.0  —  1«     8  k.7  Sept.  !),  18S8 

1.           11 

F  line  bright. 

DM  —  10°5057 

19  17.7—  10  54   7.0  Nov.    5,  1890 

Draper  8-in.  tel. 

IV  type. 

H. P.  3747 

20  13.9  +  34  28   4.4 Oct.  15,  1890 

..           1. 

F  line  bright. 

DM  +  36°4028 

20  17.8  +  40  3(1   9.51  Nov.  10,  1890 

Bright  lines. 

A.G.C.  3051'6 

22  111.6  —  46  27  | 

6.7  July  21.  1890 

Bache  telescope 

IV  type. 

The  spectrum  of  DM  —  20°  50  (T  Ceti)  is  that  of  a  well 
marked  III  Type  star  and  differs  from  that  usually  shown 
by  variables  of  long  period  in  that  the  lines  due  to  hydrogen 
are  not  bright  in  its  spectrum.  DM  +  54°  431  [in  Perseus] 
is  variable,  having  the  approximate  magnitudes  10.6,  11.4, 
11.0,  9.1,  9.0,  9.4  and  9.0  on  Nov.  3,  1885;  Nov.  30,  1887; 
Dec.  1,  1887;  Sept.  29,  Oct.  30,  Nov.  19  and  Nov.  19,  1890 
respectivelv.  The  last  two  magnitudes  were  derived  from  a 
spectrum  plate  and  a  chart  plate  taken  on  the  same  evening. 
The  star  [in  Perseus]  whose  position  for  1900  is  in  R.  A. 
1''   55'". 1,   Dec.  -|-  56"^  15'  is  variable;  approximate  magni- 
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tudes  <  15.2,  9.2,  9.3,  9.9,  12.2,  13.5  and  13.4  on  Nov.  3, 
1885;  Nov.  3,  1887;  Nov.  30,  1887;  Dec.  1,  1887;  Sept.  29, 
1890;  Oct.  30,  1890  and  Nov.  19,  1890  respectively.  DM 
+  33°  470  [in  Triangulum]  is  variable.  The  variability  of 
this  star  was  discovered  and  measured  at  this  Observa- 
tory on  Oct.  16,  1890  and  the  approximate  magnitudes  7.5, 
9.2^  7.1,  6.8,  7.3,  7.2,  and  7.1  obtained  for  Nov.  7,  1887; 
Jan.  16,  1888;  Dec.  31,  1889;  Sept.  25,  Oct.  13,  Oct.  \5, 
and  Oct.  17,  1890.  In  the  Wolsingham  Observatory  Circu- 
lar, No.  27,  of  Nov.  10,  1890,  the  Rev.  T.  E.  Espin  announces 
his  discovery  of  this  star  and  says  that  it  is  "probably  A^ari- 
able."  DM  +  56°  686.  +  56°  731  and  +  36°  4028  have  a 
spectrum  resembling  that  of  the  stars  discovered  by  Wolff 
and  Rayet.  The  first  two  probably  form  part  of  a  group 
similar  to  the  one  in  Cygnus  as  several  other  spectra  in  the 
same  region  appear  to  show  bright  lines  but  are  too  faint  to 
be  seen  distinctly.  DM  +  36°  4026  may  be  included  in  the 
Cygnus  group.  A.  G.  C.  7191,  17717,  22280,  H.  P.  3321, 
and  3747  have  a  spectrum  similar  to  that  of  <">  and  ,"  Cen- 
tauri.  Of  these  A.  G.  C.  22280  {/  Ophiuchi)  and  H.  P.  3321 
{u  Sagittarii)  are  the  most  remarkable.  /  Ophiuchi  has 
additional  bright  lines.  In  o  Sagittarii  the  hydrogen  lines 
are  so  fine  as  to  be  almost  lost,  other  dark  lines  equally 
strong  being  present.  Additional  bright  lines  are  also  visi- 
ble. A.  G.  C.  18770  (in  Hydra)  is  variable;  approximate 
magnitudes  9.7,  9.5,  10.4,  7.4  and  8.1  obtained  from  photo- 
graphic charts  taken  June  14,  July  5,  July  12,  1889 ;  May  6, 
and  May  28,  1890.  The  fourth  type  star,  Dundr  II,  39 
(DM  —  5°  4858)  has  been  measured  on  seven  photographic 
charts  giving  the  approximate  magnitudes  8.9,  9.0,  9.1,  8.2, 
8.1,  8.2  and  8.1  on  June  26,  July  20,  Aug.  20,  Oct.  22,  Oct. 
28,  Nov.  4,  and  Nov.  18,  1890.  Although  the  range  of  vari- 
ability is  not  great,  as  seen  from  the  above  magnitudes,  the 
variability  of  this  star  is  undoubted  since  it  appears  brighter 
than  adjacent  stars  on  some  of  the  charts  and  (ainter  than 
these  stars  on  others. 

In  Tim:  SiDHKKAL  Mkssknc.hk,  IX,  379,  the  star  whose 
sj)cctrum  is  announced  as  consisting  mainly  of  bright  lines, 
Hnouldbc  A.  (r.  C.  15220  magnitude  S'/i,  whose  ap|)roximate 
poHition  for  1900  is  iti  right  ascension  11"  2.3'"  —  64°  58' 
and  not  A.  G.  C.  15177. 

Harvard  College  ObHcrvatorv, 

Cambridge,  Mass.,  Dec.  11,  1890. 
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THE  SPECTROSCOPIC  PROPERTIES  OF  DUST. 


The  suggestion  that  the  auroral  spectrum,  the  principal 
ray  in  the  spectrum  of  nebulae,  and  other  rays  of  unknown 
origin,  might  be  due  to  meteoric  dust  induced  us  to  investi- 
gate the  problem  whether  solid  particles  of  sufficient  mi- 
nuteness would  act  like  gaseous  molecules  in  an  electric  dis- 
charge and  become  luminous  with  their  characteristic 
special  radiation.  The  dust  we  employed  was  that  thrown 
off  from  the  surface  of  various  electrodes  by  a  disruptive  dis- 
charge, and  it  was  carried  forward  into  the  tube  of  observa- 
tion by  a  more  or  less  rapid  current  of  air  or  other  gas. 
The  arrangement  will  be  best  understood  from  the  annexed 
diagram,  which  represents  a  section  of  the  glass  vessel 
which  was  the  principal  part  of  the  apparatus.    A  repre- 


TO    AIRPUMP 


FROM     CASHOUOER 


sents  a  bulb  in  which  were  the  electrodes  a,  a  to  give  the 
dust,  connected  by  a  widish  tube  d  with  the  tube  for  obser- 
vation B.  The  end  E  was  blown  clear,  so  that  the  narrow 
part  oi B  could  be  observed  end-on.  The  electrodes  e,  e  were 
of  platinum.  The  tube  g,  passing  from  .4  to  the  supply  of 
gas,  was  fitted  with  a  glass  stopcock  C  for  regulating  the 
intake,  and  the  tube  h  led  from  the  distant  end  of  B  to  the 
air-pump.  The  air  pump  was  a  large  one  worked  by  a  gas- 
engine  capable  of  keeping  the  pressure  down  to  a  few  mil  li- 
metres,  even  with  a  considerable  leakage.  Observations 
were  made  of  the  discharge  in  B  at  various  low  pressures, 
sometimes  with,  and  at  other  times  without,  a  Leyden  jar 


*  By  G.  D.  I.iveing  M..  A.,  F.  R.  S..  Professor  of  Chemistry,  and  J.  Dewar 
M.  A.,  F.  K.  S.,  Jajksaniari  ProfessDr,  Uni^'ersity  oi"  Cambriilg.'.  Riceive.l  August 
16,  1890. 
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in  circuit.  The  sparks  in  A  were  generally  taken  with  ajar, 
and  there  was  ample  proof,  if  proof  were  needed,  of  the 
dust  derived  from  the  electrodes,  since  it  formed  a  visible  de- 
posit in  the  tube  d,  in  the  first  bulb  of  B,  and  even  on  the 
end  E.  The  air  or  other  gas  passed  into  A  was  filtered 
through  cotton-wool  to  remove  all  dust  before  admission  to 
the  apparatus. 

Various  metals  were  used  as  electrodes  in  A,  magnesium, 
iron,  manganese,  cadmium,  fused  calcium  chloride,  metallic 
sodium  in  a  little  glass  cup  on  a  platinum  wire,  and  frag- 
ments of  the  Dhurmsala  meteorite;  but  in  no  case  could  the 
rays  of  any  of  the  subtances  employed  be  seen  in  the  dis- 
charge through  B,  either  when  a  Leyden  jar  was  in  circuit 
or  not. 

Incidentalh',  we  found  that  magnesium  electrodes  were 
not  so  good  as  some  of  the  other  metals  for  these  experi- 
ments, because  the  apparatus  was  never  wholh-^  free  from 
traces  of  air,  and  lines  or  bright  edges  of  bands  of  nitrogen 
fall  very  near  the  most  characteristic  lines  of  magnesium, 
and  with  small  dispersion  might  easily  be  mistaken  for 
them. 

Air,  hydrogen,  carbon  dioxide,  and  oxygen,  were  succes- 
sively used  as  the  gases  passing  through  the  apparatus,  and 
at  various  pressures  from  2mm.  up  to  20,  and,  in  some 
cases,  up  to  40mm.,  but  with  the  same  result;  no  rays,  due 
to  the  electrodes  in  A,  could  be  detected  in  B.  Even  when 
one  of  the  electrodes  in  A  was  sodium,  and  the  sodium  rays, 
orange,  yellow,  citron,  green,  and  blue,  were  brilliant  in  the 
spectrum  of  A,  not  even  the  D  lines  could  be  detected  in  B. 
We  should  have  expected  that  some  traces  of  sodium  in  the 
state  of  vapour  would  have  been  carried  by  the  stream  of 
hydrogen  into  B;  but  it  seems  that  it  was  not  so ;  nor  could 
the  apparent  al)scnce  of  rays  due  to  the  dust,  be  ascribed  to 
mere  faintness  in  their  light,  for  we  took  photographs  of  the 
spectrum  of  B,  and  found  that  even  lengthened  exposures 
produced  no  evidence  of  rays  due  to  the  dust;  nor  could  it 
be  aHcril)ed  to  the  character  of  the  discharge  in  B,  for  the 
discharge  was  varied  ;  sometimes  A  and  B  were  in  the  same 
circuit;  sometimes  the  dischrirge  in  B  was  from  a  separate 
coil,  and  even  the  powerful  discliarge  from  a  large  coil  stim- 
ulated by  a  Dc  Meritens'  magneto-electric  machine,  was 
tried. 
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That  abundance  of  dust  was  formed  by  the  sparking  in  A 
was  proved  not  only  by  the  deposit  in  the  tube,  but  by  al- 
lowing the  stream  of  gas  at  atmospheric  pressure  from  the 
tube  h  (of  course  disconnected  from  the  pump)  to  inpinge  on 
a  flame,  when  the  characteristic  flame-spectrum  of  the  elec- 
trodes in  A  was  at  once  manifest.  When  the  gas  used  was 
hydrogen,  and  it  was  burnt  in  oxygen,  the  spectrum  of  the 
electrodes  was  particularly  well  seen;  also  when  the  gas 
was  oxygen  and  led  into  a  hydrogen  flame. 

That  the  dust  was  of  extreme  fineness  and  capable  of 
being  carried  by  a  stream  of  gas  to  a  great  distance  was 
proved  as  follows  : — A  stream  of  hydrogen,  at  ordinary  pres- 
sure, was  passed  through  the  sparking  tube  with  magnes- 
ium electrodes,  and  then  through  more  than  100  feet  of 
metal  tube  in  a  coil,  and,  finally,  burnt  as  it  issued.  Before 
the  sparking  began  there  were  no  signs  of  magnesium  in  the 
flame;  but  when  sparks  had  been  passing  between  the  mag- 
nesium electrodes  for  a  short  time,  the  magnesium  spectrum 
was  seen  in  the  flame.  It  took  55  seconds  for  the  gas  to 
carry  the  dust  through  the  long  pipe,  and  when  the  sparking 
ceased  it  was  again  about  the  same  time  before  the  mag- 
nesium disappeared  from  the  flame.  It  always  appeared 
and  disappeared  sharply  in  correspondence  with  the  spark- 
ing. Similar  experiments,  but  with  a  shorter  tube,  were 
made  with  other  metals,  iron,  sodium,  lithium,  etc.,  always 
with  like  results;  also  a  current  of  oxygen  was  passed 
through  the  sparking  tube  and  into  a  flame  of  hydrogen, 
and  produced  similar  effects.  Even  aluminum,  which  does 
not  usually  show  any  part  of  its  spectrum  when  used  as  an 
electrode  in  a  vacuous  tube,  gave,  when  sparked  in  oxygen, 
dust  which,  when  carried  into  a  hydrogen  flame,  showed  the 
characteristic  bands  of  alumina. 

Considering  that  a  sensible  amount  of  dust  was  deposited 
in  the  bulbs  of  B,  we  should  have  expected  that  some  would 
be  deposited  on  the  electrodes  e,  e  in  that  tube,  and  that  the 
discharge  from  electrodes  so  coated  would  give  the  spectrum 
of  the  metal  on  their  surface.  There  is  no  doubt  that  when 
no  discharge  was  taking  place  in  B  the  electrodes  e,  e  did  re- 
ceive their  share  of  dust;  and,  if  it  had  been  allowed  to  ac- 
cumulate so  as  to  form  a  coherent  crust,  it  would  have 
given  its  characteristic  spectrum  on  first  passing  sparks  in 
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B.  But,  so  long  as  the  dust  is  loose,  the  passage  of  a  dis- 
charge instantly  clears  the  electrodes  of  all  dust,  and  seems 
to  dispel  all  dust  from  the  gas  through  which  the  discharge 
occurs.  It  is  well  known  that  an  electric  discharge  in  a 
vessel  of  air  has  the  effect  of  clearing  out  of  the  air  all  the 
particles  that  serve  as  nuclei  for  the  condensation  of  water; 
and  we  made  several  experiments  with  a  view  to  determine 
whether  a  similar  effect  was  produced  on  the  dust  in  our 
tubes.  The  gas  from  the  sparking  tube  was  carried  through 
a  glass  globe,  and  so  on  to  the  jet  where  it  was  burned ;  a 
wire  connected  with  one  pole  of  a  Voss  or  Wimshurst  elec- 
tric machine  projected  into  the  interior  of  the  globe,  and  a 
patch  of  tinfoil  on  the  outside  of  the  globe  was  connected 
with  the  other  pole  of  the  electric  machine.  So  long  as  the 
Voss  machine  was  not  worked,  the  gas  carried  the  dust 
from  the  sparking  tube  through  the  globe,  and  it  was  seen 
in  the  spectrum  of  the  flame,  or  simply  in  the  color  of  the 
flame  when  lithium  was  one  of  the  electrodes;  but,  on 
working  the  machine  so  as  to  produce  a  silent  discharge  in- 
side the  globe,  the  flame,  in  one  or  two  seconds,  suddenly 
ceased  to  show  the  spectrum  of  the  dust,  and  in  the  case  of 
the  lithium  lost  its  red  color.  When  the  machine  was  no 
longer  worked,  the  spectrum  or  color  speedily  reappeared, 
to  vanish  again  suddenly  when  the  machine  was  started 
afresh.  When  a  narrow  tube,  with  a  piece  of  tinfoil  outside 
and  wire  inside,  was  substituted  for  the  globe,  the  like  re- 
sults ensued. 

It  appears,  then,  not  only  that  dust,  however  fine,  sus- 
])ended  in  a  gas  will  not  act  like  gaseous  matter  in  becoming 
luminous  with  its  characteristic  spectrum  in  an  electric  dis- 
charge, but  that  it  is  driven  with  extraordinary  rapidity 
out  of  the  course  of  the  discharge.  If,  then,  the  spectrum  of 
the  aurora  be  due.  not  to  the  ordinary  constituents  of  our 
atmosphere,  but  to  adventitious  matter  from  planetary 
space,  we  conclude  that  such  matter  must  be  in,  or  must  be 
brought  into,  the  gaseous  state,  or  at  least  have  its  proper- 
ties entirely  altered  from  those  it  posseses  at  ordinary  tem- 
I)eraturcs,  before  it  becomes  luminus  in  the  electric  dis- 
charge. 
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For  The   Messengkr. 

In  my  article  in  the  November  Messenger  on  "Three 
Interesting  Binaries,"  there  was  an  error  in  the  calculation 
of  the  mass  of  61  Cygni  which  was  not  detected  in  time  for 
correction.  The  elements  there  given  realh*  make  the  mass 
little  more  than  one-half  that  of  our  sun.  Considering  that 
other  stars  that  have  been  measured  seem,  without  excep- 
tion, much  more  massive — Sirius  exceeding  the  sun  at  least 
sixty  times,  and  the  other  doubles  with  noticeable  parallax 
going  two,  three  and  four  times  our  systen — this  small  re- 
sult with  61  Cygni  throws  some  suspicion  on  the  determina- 
tion of  the  orbit.  In  fact  I  have  not  pretended  to  determine 
it,  nor  can  it  be  determined  at  present  except  within  certain 
limits.  Perhaps  the  matter  is  of  enough  interest  to  be  pre- 
sented somewhat  more  fully. 

The  companion  star  since  observed  by  Bradley  in  1753 
has  passed  through  sy  of  its  orbit,  and  its  course  for  these 
137  years  is  a  curve  subtended  by  26  seconds  of  arc,  show- 
ing a  deflection  of  only  about  1".9  from  a  straight  line. 
Still  the  curve  is  unmistakable.  From  the  great  mass  of  ob- 
servations I  deduce  the  following  normal  positions  (Eq. 
1890) : 


Year. 

Angle. 

Pistance, 

1750 

3i°-27 

l6".42 

1770 

44  .83 

>5  -43 

1790 

59  .90 

14  .85 

1810 

75  -40 

14  .97 

1830 

89  .88 

15  .84 

1850 

102  .46 

J  7  32 

1870 

113  .04 

19  .07 

1890 

122  .28 

21  .14 

There  is  no  trouble  in  completing  an  ellipse  from  this 
curve.  The  trouble  is  that  it  can  be  made  a  part  of  so  manv 
different  ellipses.  In  fact  it  permits  of  an  orbit  of  any  degree 
of  eccentricity.  But  beside  the  fact  that  a  low  eccentricity 
is  unusual  in  these  objects,  and  therefore  improbable  in  this 
case,  there  is  the  further  consideration  that  the  more  the 
orbit  approaches  a  circle  the  longer  the  period  and  the 
smaller  the  mass.  Thus  if  we  make  the  eccentricity  so  low 
as  0.185  the  semi-major  axis  becomes  21". 53  and  the  period 
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amounts  to  651  years.  Taking  parallax  at  0''.5  we  have 
the  mass  of  the  system,  compared  with  ours:  (21.53  -f-  .5)' 
-=-  (651)'  =  .188 — less  than  i  the  sun;  which  is  altogether 
improbable.  If  we  raise  the  eccentricitj'  to  0.55  the  semi- 
major  axis  rises  to  25''. 8  and  the  period  falls  to  446  years. 
This  makes  the  mass  692  thousandths  that  of  the  sun.  We 
must  increase  the  eccentricity^  to  0.65  to  bring  the  system  up 
to  the  weight  of  ours.  One  of  a  dozen  of  possible  orbits 
that  I  have  worked  out  gives  these  elements  : 

Semi-axis  major  28'M2 

Eccentricity  0.661 

Position  of  Node         163° 
Inclination  70"    34' 

Period  400.1  years 

Mass,  1.11  times  the  sun. 

So  great  an  eccentricity  is  unlikely  to  exist,  and  we  may 
set  it  down  as  tolerably  sure  that  here  is  at  any  rate  one 
system  into  which  no  more  material  has  gone  than  into  our 
own.  It  is  a  feeble  boast,  but  still  it  is  something,  to  say 
for  the  dignity  of  our  luminary  that  there  is  one  star  which 
is  probably  inferior  to  him — a  star  the  nearest  to  us  in  all 
the  northern  skies,  and  yet  shining  only  with  the  fifth  mag- 
nitude, hardly  more  than  bright  enough  to  be  seen  with  the 
naked  eye.  What  imagination  then  shall  reach  to  the  mas- 
siveness  of  first  magnitude  stars  which  show  no  sensible 
parallax !  We  are  not  surprised  to  hear  it  said  thiit  the}' 
are  40,  60  or  100  times  our  sun. 
Omaha,  Dec.  1890. 


ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC. 

Meeting  Nov.  29,  1890. 

The  regular  meeting  wa8  held  in  the  Young  Men's  Chris- 
tian Association  Hall,  the  president,  E.  S.  Holdcn,  i)residing. 

The  minutes  of  the  last  meeting  were  ap])roved. 

At  a  meeting  of  the  Directors  held  prior  to  the  regular 
meeting  the  following  new  members  were  duly  elected  : 

Ocncrnl  John  (HhlM>ti,  United  StnteR  nrniy;  Herman  St-husslcr,  L.  Gil- 
»on,  Dr.  li.  S.  Clurk,  I'rcniont  Morse,  J.  J.  Gillx'rt,  II.  W.  I'aust,  Lieutenant 
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J.  P.  Finley,  United  States  anny,  all  of  San  Francisco ;  Homer  A.  Craig 
and  Thomas  Prather  of  Oakland,  Cal.;  W.  B.  Ha3-es,  Los  Angeles;  Maures 
Horner,  F.  R.  A.  S.,  Somerset,  England;  C.  F.  De  Landero,  Guadalajara, 
Mexico ;  Dr.  G.  Barroeta,  San  Luis  Potosi,  Mexico ;  E.  B.  Knobel  secre- 
tary, R.  A.  S.,  Braintree,  England;  P.  Noordhoff,  Groninger,  Holland;  Dr. 
J.  Munos  Tesar,  Caracas,  Venezuela;  H.  F.  Newall,  Cambridge,  England; 
Professor  Martin  Kellogg,  Berkeley ;  L.  A.  Rockwell  and  Dr.  G.  A.  Wood, 
Traver;  G.J.  Hicks,  E.  M.,  Staten  Island;  Professor  M.  P.  Freeman,  Tus- 
con;  M.  A.  Veeder,  M.  D.,  Lyons,  New  York;  G.  N.  Saegmullcr,  Washing- 
ton, D.  C,  Professor  B.  G.  Clapp,  Fulton,  N.  Y.;  John  A.  Parkhurst,  Mar- 
engo, 111.;  Hon.  Denias  Strong,  Brooklyn,  X.  Y.;  Joseph  S.  Adam,  Canaan, 
Conn.;  James  E.  Ingraham,  Sanford,  Fla.;  William  A.  Browne,  Newton, 
Mass. 

This  brings  the  total  membership  to  312. 

It  was  announced  that  the  next  meeting  (January  31st, 
1891)  would  probably  be  held  in  the  permanent  home  of 
the  society,  the  new  building  of  the  California  Academy  of 
Sciences,  which  is  almost  completed. 

The  following  papers  were  presented  to  the  meeting,  most 
of  which  were  taken  as  read : 

n.    The  Law  of  the  Solar  Corona,  by  Professor  Frank  H. 
Bigelow,  of  the  Nautical  Almanac  Office,  Washington, 

D.  C. 

b.  Coronal  Extension,  by  C.  M,  Charroppin,  S.  J.,  Univer- 

sity of  St.  Louis,  Missouri. 

c.  Observations  and  Drawings  of  Saturn,  1879  to  1889,  by 

Professor  Edward  S.  Holden,  Lick  Observatory. 

d.  The  Observator3'  of  Swathmore  College,  by  Miss  S.  J. 

Cunningham,  Director. 

e.  The  Kenwood  Physical  Observatorj'  (Chicago), by  George 

E.  Hale,  Director. 

f.  Work  at  the  Lick  Observatory  1888  to  1890,  by  Pro- 

fessor Edward  S.  Holden,  Director. 
g-.    An  account  of  an  experiment  made  to  determine  whether 
gravitation  force,  varies  with  the  temperature,  bj-  A. 
E.  Kennelh',  of  Orange,  N.J. 
h.    Index  Map  of  Moon,  by  Professor  C.  A.  Young. 

As  the  meeting  was  largely  attended  by  the  public  and 
friends  of  the  members  Professor  Holden  gave  a  popular  ac- 
count of  the  "Work  of  the  Lick  Observatory  "  since  the  Ob- 
servatory had  been  under  his  direction. 
The  meeting  then  adjourned. 

Charles  Burckh alter,  Secretary. 
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THE    CAUSE    OF    REFRACTION. 
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For  Thr  Messf.xeer. 

At  the  meeting  of  the  Astronomical  Department  of  the 
Brooklyn  Institute,  on  Nov.  10,  1890,  Henry  M.  Parkhurst 
exhibited  the  following  diagrams,  to  demonstrate  that  re- 
fraction of  light  is  caused  solely  by  the  change  of  the  wave 
lengths  in  passing  into  a  more  or  less  dense  medium. 

In  figure  1,  a  pencil  of  rays,  con- 
sisting of  successive  waves,  strikes 
perpendicularly  upon  the  surface  of 
a  denser  medium.  The  effect  is  to 
shorten  the  wave-length  in  a  cer- 
tain ratio.  When  the  light  reaches 
the  rarer  medium  again,  the  waves 
are  restored  to  their  original  length. 
That  this  is  so,  and  that  it  is  the 
cause  of  refraction,  are  shown  in 
the  following  figures.  The  pencil  is 
supposed  to  be  magnified  at  least  a 
thousand  times,  or  each  thousand  th 
wave  may  be  supposed  to  be  repre- 
sented. 

In  figure  2,  the  pencil  of  rays  strikes  obliquely  upon  a 
denser  medium.  The  end  of  the  wave  which  strikes  first  is 
shortened  in  the  same 
ratio  as  before.  The 
line  of  division  runs 
rapidly  along  the  edge, 
the  portion  of  the 
waves  within  the  glass 
being  parallel  and  near 
together,  and  the  por- 
tion outside  the  glass 
being  parallel  and  at 
their  original  distance. 
Conse(|uently  the  wave 
swings  a  round,  as 
shown.    The  opposite  rig2-RKPKACTif)N  of  wavki. 

effect  is  shown  upon  emerging  from  the  glass. 
In  figure  .'i,  the  amount  of  the  bending  or  refraction  of  the 


Fig.  1 — Rbtabdation  of  Waves. 
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ray  is  shown  to  follow  the  well  known  law  that  the  sine  of 
refraction  is  proportional  to  the  sine  of  incidence.  The  angle 
of  incidence  is  represented  by  I,  and  making  the  width  of 
the  pencil  at  the  surface  of  the  glass  radius,  the  sine  of  the 

incidence  is  represented 
by  the  end  of  the  wave 
outside  the  glass, 
marked  sine  I,  the  op- 
posite angle  being  man- 
ifestly equal  to  I. 

Again,  the  angle  of 
refraction  is  represent- 
ed by  r;  and  employ- 
ing the  same  radius  as 
before,  the  sine  of  re- 
fraction is  represented 
by  the  end  of  the  wave 
within  the  glass,  mark- 
ed sine  r,  the  opposite 
angle  being  manifesth' 
equal  to  r.  Since  the 
shortening  of  the  wave- 
length evidently  produces  exactly  the  observed  amount  of 
refraction,  and  explains  the  well  known  law,  it  is  reason- 
able to  conclude  that  it  is  the  sole  cause  of  refraction.  The 
same  principle  also  applies  to  the 
emergence  of  the  ray.  Since  in 
emergence  the  outer  angle  of  the 
ray  must  be  a  right  angle,  it  must 
be  situated  in  the  dotted  semicircle 
shown.  See  Euclid,  Book  III., 
Proposition  31. 

In   passing    through  a  prism,  it 
sometimes  happens  that  the  exten- 
sion of  the  wave-length  carries  it 
outside  of  this  semicircle,  as  shown 
in  figure  4.     The  extension   of  the 
upper  end  of  the  wave  not  only 
swings  the  ray  around  parallel  to      ^*s  4.-total  reflection. 
the  face  of  the  prism,  but  beyond  that;  so  that  the  ray  is 
forced  back  into  the  prism.    In  this  case  there  is  a  total  re- 
ilection  of  the  light  at  that  surface,  it  being  impossible  for  a 
single  ray  to  emerge. 


Fig.  3. — Law  of  Sixes. 
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STRANGE    ATRONOMICAL    COINCIDENCE. 


E.   E.  BARNARD.* 


It  is  ver\'  seldom  that  coincidences  of  a  startling  nature 
occur  in  the  astronomical  world.  Perhaps  this  is  due  in  the 
main  to  the  fact  that  nearly  all  things  astronomical  are  sub- 
ject to  exact  calculation,  and  there  is  nothing  more  chilling 
to  the  ardor  of  the  average  fabricator  of  coincidences  than 
an  array  of  facts  and  figures.  There  has  very  recently  oc- 
curred, however,  a  most  wonderful  coincidence  that  must 
startle  even  the  astronomical  world,  and  this,  stangely 
enough,  instead  of  being  frowned  down  by  facts  and  figures, 
is  strongly  supported  by  them. 

On  the  15th  of  November  last  Professor  Zona  of  the  Pa- 
lermo Observatory,  in  Italy,  discovered  a  comet  in  the  Con- 
stellation Auriga.  It  was  moving  rapidly  to  the  west  and 
north.  On  the  following  night  (November  16th),  while  ob- 
serving the  position  of  this  comet  with  the  great  twenty- 
seven-inch  telescope  at  Vienna,  Dr.  Spitaler  discovered 
another  and  fainter  comet  in  the  field  of  view  with  it ;  the 
motion  was  in  the  same  direction  as  that  of  Zona's.  Upon 
the  announcement  of  the  discover\-  of  two  new  comets  so 
close  to  each  other  astronomers  naturally  concluded  that 
they  were  parts  of  the  same  comet  and  therefore  were  travel- 
ing through  space  together.  It  was,  however,  soon  seen 
that  there  was  no  relationship  whatever  lictween  the  two, 
for  Zona's  comet  rapidly  left  the  other  far  behind,  passing 
nine  hours  after  Spitaler's  discovery  within  five  minutes  of 
arc  (one-sixth  the  apparent  diameter  of  the  moon)  of  the 
Vienna  comet,  so  that  the  two  must  have  appeared  in  the 
telescope  as  a  double  comet.  By  the  night  of  the  17th, 
when  Zona's  comet  could  first  be  observed  in  America,  they 
were  some  2  degrees  apart,  and  therefore  the  fainter  one 
would  have  escajjcd  discover}'.  They  are  now  (I)cccm1)cr 
loth)  2  hours  aj)art  in  right  ascension  and  differ  4-  degrees 
in  declination,  and  while  one  is  moving  southwards  the 
other  is  keeping  up  its  northerly  motion. 
Anyone  familiar  with  the  discovery  of  comets  and  the 
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comparative  scarcity  of  the  same,  and  who  can  appreciate 
the  vast  expanse  of  the  heavens,  in  v^'hich  the  average  comet 
is  the  merest  speck,  will  recognize  in  this  discovery  of  two 
new  comets  within  a  few  minutes  of  each  other  and  in  no 
way  physically  connected,  as  one  of  the  most  remarkable 
coincidences  ever  known.  There  is  no  record  of  any  two 
comets,  not  physically  related,  ever  having  been  seen  within 
a  degree  of  each  other,  and  there  are  many  millions  of 
chances  against  the  discovery  of  two  such  comets  so  close 
together  as  were  Zona's  and  Spitaler's,  and  we  ma\'  safely 
say  that  it  will  never  happen  again. 


fa^tlf   o/*  ^orfh's     Correct.      ^,^.\^ 
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I  have  made  a  diagram  of  the  paths  showing  the  posi- 
tions of  the  two  comets  at  the  time  of  Spitaler's  discov- 
ery, Nov,  16  days,  15  hours,  and  27  minutes,  Greenwich 
mean  time,  when  the  two  were  separated  by  23  minutes  of 
arc,  and  at  24  hours,  12  minutes  when  the  nearest  approach 
(5  minutes  of  arc)  occurred. 

These  two  comets  are  being  regularly  observed  at  the 
Lick  Observatory,  Neither  is  bright.  Spitaler's  is  exceed- 
ingly small  and  faint — the  merest  speck  of  haze  moving 
slowly  among  the  stars.  Its  orbit  has  not  yet  been  com- 
puted, but  there  is  no  doubt,  from  its  appearance  and  slow 
motion,  it  must  be  very  distant  from  us. — The  Examiner, 
San  Francisco,   Dec.  14,  1890. 

Mount  Hamilton,  December  10,  1890. 


The  Washington  Observations  for  1884.  Besides  the  usual  observa- 
tions that  receive  attention  each  year  at  the  Naval  Observator\',  the  vol- 
ume for  1884  contains  the  second  edition  of  the  Yamall  catalogue,  the  list 
of  stars  in  which  numbers  10,964,  and  embraces  a  range  of  observation 
from  1845  to  1847.  This  important  piece  of  work  has  been  previouslj-  re- 
ferred to  in  this  journal. 
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DR.    KARL  LUDWIG   HENCKE. 
PROFESSOR    WILHELM     FOERSTER. 

Karl  Ludwig  Hencke  was  born  at  Driesen,  a  small  bor- 
ough in  Newmark,  April  8,  1793.  He  died  at  Merienworder 
Sept.  21,  1865,  at  the  home  of  his  son-in-law  whither  he  had 
gone  for  a  visit.  His  entire  life  was  spent  in  Driesen  and  his 
occupation  was  post  clerk  at  that  place. 

In  his  fourteenth  3'ear  he  became  a  successful  applicant  for 
a  position  in  the  post  service.  A  short  interruption  to  his 
service  in  this  department  occurred  during  the  war  of  1813 
in  which  he  served  as  a  volunteer.  But  after  the  battle  of 
IvUtzen  in  which  he  received  mention  for  his  valor,  and  in 
which  he  was  wounded,  he  found  it  was  necessary  to  return 
to  his  position  in  the  post  service  on  account  of  his  wound. 
Here  he  remained  until  1837  when  he  received  his  well 
merited  release  with  a  yearly  pension  of  225  thalers. 

From  this  time  Hencke  devoted  himself  to  science.  As 
early  as  Christmas,  1821,  notwithstanding  the  requirements 
of  his  position,  he  furnished  himself  with  a  telescope  of  the 
Frauenhofer  make,  which  cost  more  than  100  thalers,  and 
with  the  instrument  throughout  the  year,  he  combined  the 
nightly  post  service  with  service  to  the  Urania.  Notwith- 
standing a  very  small  amount  of  schooling,  Hencke  ob- 
tained a  wonderful  outlook  over  the  astronomical  knowl- 
edge of  the  time,  and  by  his  own  astronomical  activity 
obtained  a  place  for  which  was  needed  great  proficienc3'  and 
stern  perseverance  and  energy,  and  this  the  specialist  some 
times  loses  in  the  intricacy  of  the  problems  and  the  deep  ab- 
sorption in  one  object. 

The  history  of  knowledge  is  rich  in  like  peculiar  interesting 
cases,  in  which  the  true,  strong  work  of  the  specialist  has 
furnished  the  indispensible  groundwork  for  conse(|uent  pro- 
ficiency. Our  post  clerk  now  began  definite  study  in  the 
starry  heavens.  He  had  the  aid  of  Hode's  guidance  to  the 
knowledge  of  the  starry  heavens,  and  also  soon  after  fur- 
nishing himself  with  a  telescope,  which,  in  a  certain  way 
gave  him  a  place  among  astronomers,  he  was  presented  to 
the  Director  of  the  Berlin  Observatory  and  received  his 
counsel. 
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He  soon  desired  an  accurate  and  full  star  chart  in  which 
might  be  found  all  the  stars  visible  in  his  telescope.  A 
skillful  eye,  and  an  unusual  degree  of  accuracy  in  estimation 
aided  him  in  establishing  the  place  and  magnitudes  of  the 
stars  which  he  indicated  upon  his  chart. 

Directly  after  the  invention  of  the  telescope  (1608),  there 
was  a  belief  that  beyond  the  stars  visible  to  the  naked  eye, 
the  faintest  of  which  were  taken  as  sixth  magnitude,  the 
heavens  were  filled  with  innumerable  fainter  stars,  and  that 
especially  the  fainter  cloud-like  regions  of  the  sky  were  com- 
posed of  these  stars  crowded  close  together.  With  the  help 
of  his  excellent  Frauenhofer  telescope,  having  the  use  of  the 
existing  star-charts,  he  constructed  an  extraordinarily  accu- 
rate map  of  the  heavens,  and  the  eager  zeal  with  which  he 
searched  the  sky  again  and  again  surpassed  what  is  usually 
devoted  to  a  single  branch  of  inquiry.  Certainly  the  devo- 
tion of  many  astronomers  to  their  work  was  not  less  than 
that  of  Hencke,  but  the  separation  of  work  into  special  de- 
partments was  not  so  clearly  developed  as  later,  and  Hencke 
stood  alone  in  the  concentration  of  his  quiet  life.  So  it  hap- 
pened that  the  great  astronomical  world  of  his  day  went 
to  the  small  chamber  of  Driesen  for  light. 

In  a  part  of  the  sky  which  is  pointed  out  on  Hencke's 
chart,  and  also  noted  in  one  of  the  best  academical  charts 
of  Berlin,  Hencke  saw,  Dec.  8, 1845, for  the  first  time,  a  small 
star  which  was  fainter  than  the  ninth  magnitude,  and  which 
was  mapped  in  none  of  the  charts.  He  believed  that  it 
was  a  fixed  star  on  account  of  its  variable  light,  because 
having  so  often  swept  that  part  of  the  heavens,  and  having 
noted  the  variable  light  of  the  fixed  stars,  he  believed  that 
the  star  of  Dec.  8  was  also  a  variable  star.  Hencke  sent  an 
account  of  his  discovery  to  Berlin  to  the  Vossische  News.  A 
copy  of  it  appeared  in  the  following  number  on  Dec.  13.  On 
the  day  after  Encke  sent  word  from  the  Observatory  of  Ber- 
lin that  the  small  star  had  changed  its  place  among  the  fixed 
stars  and  was  undoubtedly  a  planet.  This  knowledge  Encke 
sent  Hencke  in  a  letter  beginning  with  the  words,  "  With  the 
greatest  pleasure  and  the  most  heartfelt  good  wishes  do  I 
write,"  etc. 

And  now  recognition  came  from  all  sides  to  the  plain  man. 
The  great  gold  Scientific  medal  was  received    from   King 
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Frederick  William  IV;  the  Red  Eagle  Order  IV.  Kl.  through 
the  hands  of  Encke  and  Humboldt  in  March,  1846,  with  a 
vearh'  stipend  of  300  thalers;  the  great  Scientific  medal 
from  the  King  of  Denmark ;  the  title  of  Doctor  of  Philsophy 
from  the  University  of  Bonn,  through  Argelander,  as  well  as 
praise  and  congratulations  from  Paris,  London,  etc.  The 
earnest  expressions  of  esteem  were  for  Hencke  as  a  man 
worthy  of  remark  in  himself  and  resulted  in  a  true  brotherly 
regard  extended  to  him  from  Argelander,  Encke,  Humboldt 
and  others.  Encke  was  requested  1)y  the  discoverer  to  name 
the  new  planet.  Many  names  were  proposed  and  finally  the 
name  Astraea  was  chosen. 

Hencke  was  in  no  wise  turned  aside  from  his  simple  man- 
ner of  life  by  the  praise  he  received.  He  worked  zealously, 
and  July  1, 1847,  announced  the  discovery  of  a  second  planet 
which  received  the  name  Hebe,  and  which  brought  him 
recognition  anew,  and  a  congratulatory  letter  from  Gauss. 
This  was  the  last  of  his  indejjcndent  discoveries.  During  the 
succeeding  weeks  in  August,  1847,  the  English  astronomer 
Hind  in  London,  with  a  much  stronger  instrument,  began  to 
reveal  the  grciit  belt  of  planetoids  between  the  orbits  of 
Jupiter  and  Mars,  until  now  the  number  of  the  known 
planetoids  of  this  group  has  reached  21)3*  (the  last  discov- 
ered one  being  of  the  12lh  magnitude).  It  is  clear  that 
Hencke's  perseverance  and  success  brought  to  light  the 
asteroid  system.  For  surely  the  disc(»very  of  the  entire 
mass  of  the  planetoids  is  not  more  noteworthy  than  the  dis- 
covery of  Astraea  and  Hebe,  and  those  two  threw  much 
light  on  the  theory  of  our  i)lanetary  system. 

Had  Hencke  i)ossessed  a  much  stronger  glass  and  the 
special  methods  and  contrivances  with  which  numen)us  as- 
tronomers conduct  their  discoveries,  he  would  have  done 
more.  But  he  remained  to  the  end  of  his  life  busied  with  the 
construction  of  his  star-chart  and  the  coni])aris()n  of  the 
starry  fields.  It  must  be  repeated  that  he  discovered  the 
planets,  but  there  were  soon  so  many  astronomers  at  work 
in  the  field  of  his  success  that  he  was  no  longer  aroused  by 
the  priority  of  discovery.  He  remained  calm  and  (juiet  in 
the  knowledge  that  he  would  be  held  worthy  through  all 
time  on  c'lccount  of  his  exceedingly  accurate  star-chart. 

"  III  I»ri(  iiiIm-i-  1h?>0,  ihf  iiiiihIk  r  is  .'i()(l. 
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Dr.  Hencke  was,  as  I  have  learned,  ei^ht  years  after  the 
discovery  of  Hebe  in  the  Berlin  Observatorv,  an  active  man 
and  of  quick,  merry  temperament.  He  was  a  strong,  inde- 
pendent thinker,  almost  radical  in  his  tendency.  Next  to  as- 
tronomy music  and  its  theory  interested  him  most. 

His  voice  was  heard  in  all  the  world-moving  questions 
and  in  his  youth  he  was  regarded  in  the  official  world  as  a 
fearless  and  sometimes  dangerous  element.  The  energetic 
radicalism  of  his  mind  swayed  all  his  opinions  in  his  earlier 
A^ears. 

Rapid  progress  has  followed  Dr.  Hencke's  work.  B3'  co- 
operation and  increase  of  knowledge  many  astronomical 
problems  of  his  da\'  have  been  solved.  Photography  has 
aided  materially.  Millions  of  faint  stars  are  shown  upon 
thousands  of  photographic  plates.  Now  not  only  may  we 
read  the  great  book  of  the  heavens  at  night,  but  also  even  in 
the  day  and  with  what  pleasure  do  we  gain  therefrom  the 
rich  treasures  of  results  and  discoveries. — [^Translated  from 
Hi  111  we  1  find  Hrde.] 


RESEARCHES    ON    THE    MAGNESIA    FLUTING    IN   CONNECTION 
WITH   THE   SPECTRA   OF  THE   NEBULiE. 

GEORGE  E.   H.\LE.» 
FoK  The  Mksskneek. 

After  many  years  of  continued  investigation  Professor 
Lockyer  has  formulated  a  very  comprehensive  theory  of  the 
universe.  The  spectroscopic  study  of  meteorites,  combined 
with  a  knowledge  of  cometary  spectra,  has  led  him  to  as- 
sume that  all  comets  are  composed  of  meteorites  in  swiftly 
moving  swarms.  Considering  that  these  are  drawn  by  the 
attraction  of  the  sun  from  the  regions  of  space,  through 
which  it  is  journeying  with  its  attendant  planets,  he  argues 
that  innumerable  meteor  swarms  must  exist  in  space,  and, 
in  fact,  give  rise  to  the  phenomena  of  stars  and  nebulae.  In 
this  way  it  is  easy  to  explain  the  temporary  stars  which 
suddenly  shine  out  with  great  brilliancy,  and  as  suddenly 
fade  to  insignificance.  On  Professor  Lockyer's  hypothesis 
such  outbursts  of  light  are  caused  by  the  collision  of  meteor 
swarms,  and  the  rapid  cooling  of  the  stars  cannot  well  be 

*  Kenwood  Physical  Observatorv,  Chicago. 
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explained  except  by  assuming  them  to  be  composed  of  such 
small  bodies.  On  the  same  theory  the  nebulae  are  sparse 
swarms  of  meteorites,  the  temperature  being  low  owing  to 
the  comparatively  infrequent  collisions  of  the  members. 
Condensation  toward  a  center  is  then  caused  by  gravity,, 
and  the  nebula  becomes  a  star.  More  and  more  frequent 
collisions  cause  higher  and  higher  temperatures,  and  finally 
we  have  the  meteorites  completely  vaporized,  and  the  hot- 
test stars  are  the  result.  A  cooling  of  the  vaporous  mass 
follows,  the  constituent  elements  are  once  more  returned  to 
the  solid  state,  and  a  dark,  cold  body  like  the  earth  is  the 
last  actor  in  the  stupendous  drama  of  the  heavens. 

The  spectroscope  offers  us  the  only  means  of  putting  this 
theory  to  the  test.  We  roust  examine  and  compare  the 
spectra  of  meteorites  in  vacuum  tubes,  in  the  nebulae,  and  in 
the  stars.  If  we  find  that  a  certain  fluting  of  magnesium  ap- 
pears at  the  lowest  temperature  in  a  vacuum  tube  we 
should  expect  to  find  the  same  fluting  visible  in  the  coolest 
of  the  nebulse.  As  the  temperature  in  the  vacuum  tube 
rises,  new  lines  and  flutings  become  visible,  and  an  increased 
number  of  collisions  in  the  nebulae  should  show  the  same 
lines  and  flutings.  In  fact,  with  the  range  of  temperatures 
at  our  command  we  should  be  able  to  find  a  sequence  of 
spectral  changes  matching  those  recorded  at  the  telescope. 

Such  experiments  as  these  have  been  carried  on  by  Profes- 
sor Lockyer.  In  his  work  with  meteorites  he  has  found  a 
magnesium  fluting  visible  at  the  lowest  temperature  of  the 
vacuum  tubes.  In  the  nebula  of  Orion  he  has  seen  the 
brightest  line  exactly  in  the  position  of  that  in  the  tube.  On 
this  coincidence  is  based  his  belief  in  the  meteoric  constitu- 
tion of  the  nebulae,  and  this  belief  is  the  groundwork  of  his 
entire  hypothesis. 

In  the  initial  number  of  the  British  Astronomical  Associa- 
tion's Journal  Mr.  E.  W.  Maunder  has  given  an  interesting 
pa|x*r  on  "  The  Chief  Nebular  Line."  After  such  a  review  of 
the  numerous  observations  of  Dr.  Muggins,  Professor  Lock- 
yer, Mr.  Keelcr  and  others,  it  is  unnecessary  to  repeat  them 
here,  especially  as  those  of  most  importance  have  recently 
appeared  in  the  i)ages  of  The  Messkngkr.  It  has  been 
shown  by  Mr.  Maunder  that  the  cjuestion  of  coincidence  is- 
by  no  means  decided;  th/it  more  light  and  even  higher  dis- 
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persion  will  be  needed  in  future  investigations.  But  while 
this  is  probably  true  there  is  one  direction  in  which  even 
small  instruments  can  do  valuable  work.  I  refer  to  a  study 
of  the  character  of  the  nebular  line.  This,  taken  in  connec- 
tion with  a  knowledge  of  the  exact  nature  of  the  magnesia 
fluting,  may  well  lead  to  conclusions  of  great  weight. 

It  may  be  of  interest  here  to  mention  the  opinions  of  seve- 
ral well-known  observers  of  the  nebulae.  In  each  case  the 
original  publication  is  referred  to. 

1864.  Huggins  (P/j/7.  Trans.  1864,  p.  44-0.  Dumb-bell  Nebula.  "This 
line  appeared  nebulous  at  the  edges. 

1866.  Huggins  (PA//.  Trans.  1866,  p.385).  Dumb-bell  Nebula.  "When 
the  slit  was  made  as  narrow  as  the  intensity  of  the  light  would  permit,  this 
bright  line  was  not  so  well  defined  as  the  correnponding  line  in  some  of  the 
other  nebulae  under  similar  conditions  of  the  slit,  but  remained  nebulous  at 
the  edges."  .  .  .  H  4572.  "The  spectrum  of  this  nebula  consisted  of 
one  bright  nebulous  line  of  the  same  refrangibility  as  the  brightest  of  the 
lines  of  nitrogen."  .  .  .  H  4627.  "This  bright  line  appeared  by  glimpses 
to  be  double.  Possibly  this  appearance  was  due  to  the  presence  near  it  of  a 
second  line." 

1866.  Secchi  (BuUettino  Meteorologico,  1866).  "The  planetary  nebu- 
la in  Andromeda  has  the  line  above  namt'd,  but  the  principal  one  is  a  little 
diffused." 

1868.  Huggins  {Phil.  Trans.  1868,  p.  542).  Orion  Nebula.  "I  ex- 
pected that  I  might  discern  a  duplicity  in  the  line  in  the  nebula  correspond- 
ing to  the  two  component  lines  of  the  line  of  nitrogen,  but  I  was  not  able, 
after  long  and  careful  scrutiny,  to  see  the  lines  double.  The  line  in  the 
nebida  was  narrower  than  the  double  line  of  nitrogen  ;  this  latter  line  may 
have  appeared  broader  in  consequence  of  irradiation,  as  it  was  much 
brighter  than  the  line  in  the  nebula."  ...  "I  incline  to  the  belief  that  it  (the 
line  in  the  nebula)  is  not  double." 

1871.  Yoge\  {Beobachtiwgen  zu  Bothkamp,  1872,  p.  59).  Dumb-bell 
Nebula.  "  But  the  line  here  appears  broader  than  in  the  spectra  of  the 
planetary  nebulae,  and  is  in  particular  very  ill-defined  toward  the  violet  end 
of  the  spectrum." 

1872.  Huggins  (Proc.  R.  S.,  v.  20,  p.  383)  Orion  Nebula.  "With  spec- 
troscope B  (two  compound  prisms)  and  eye-pieces  1  and  2,  (5.5  and  9.2  di- 
ameters) the  slit  being  made  very  narrow,  this  line  was  seen  to  be  very 
narrow,  of  a  width  corresponding  to  the  slit,  and  defined  on  both  edges,  and 
undoubtedly  not  double.  The  line  of  nitrogen  when  compared  with  it  ap- 
jieared  double,  and  each  component  nebulous  and  broader  than  the  line  of 
the  nebula." 

1874.  Huggins  (Proc.  R.  S.,  v.  22,  p.  252),  Orion  Nebula.  "  In  the  sim- 
ultaneous observation  of  the  two  lines  it  was  found  that  if  the  lead  line 
was  made  rather  less  bright  than  the  nebular  line,  the  small  excess  of  ap- 
parent breadth  of  this  latter  line,  from  its  greater  brightness,  appeared  to 
overlap  the  lead  line  to  a  very  small  amount  on  its  less  refrangible  side,  so 
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that  the  two  lines  appeared  to  be  in  a  straight  line  across  the  spectrum." 
(With  two  compound  prisms,  and  eye-piece  magnifying  16  diameters.) 

1877.  Bredichin  {Annals  de  V Observatoire  de  Moscow,  v.  3,  p.  120). 
"  In  this  case  (wide  slit)  the  line  appeared  like  a  band,  a  little  more  defined 
toward  the  red." 

1884.  Maunder  {Greenwich  Spectroscopic  Results  1884,  p.  5),  Orion 
Nebula.  "  The  line  A  5005  was  examined  with  this  latter  dispersion,  (two 
prisms)  the  slit  being  ver}'  narrow,  and  was  seen  to  be  a  single  line.  None 
of  the  lines  in  the  spectrum  of  the  nebulai  are  however,  very  sharp,  A  5005 
showed  a  faint  fringe  mainh'  on  the  side  nearer  the  blue." 

1888.  Lockyer  (Meteor/c  jy>'pot/jes/s,  p.  317).  Orion  Nebula.  "The 
image  of  the  nebula  being  allowed  to  float  slowly'  over  the  slit,  I  distinctly 
got  tlie  impression  that  the  line  in  question  varied  in  its  behavior  from  the 
other  lines,  and  that  at  the  points  where  it  was  brightest  it  extended  most 
towards  the  blue  end  of  the  spectrum.  The  observations  were  repeated  at 
Kensington  by  Mr.  Fowler,  Demonstrator  of  Astronomy,  and  by  Mr. 
Baxandall,  and  they  arrived  at  the  conclusion  that  the  chief  line  had  a  de- 
cidedh-  fluted  appearance." 

1888.  Ta3'lor  {Monthly  Notices,  v.  49.  p.  124),  Orion  Nebula.  "The 
5001  line  is  by  far  the  brightest  in  the  spectrum.  It  is  never  seen  sharp,  bf  t, 
with  the  narrowest  slit,  alwa\'s  has  a  fluffv  api>earance,  this  being  much 
more  marked  on  the  blue  than  on  the  red  edge.  This  was  most  carefully  ex- 
amined for  evidence  of  structure,  but  the  line  was  always  found  to  be  single, 
and  no  decided  evidence  of  fluting  structure  could  he  made  out. 

1880.  Lock^-er  {Meteoric  Hypothesis  p.  317),  Orion  Nebula  "I  have 
more  recently  observed  the  spectrum  of  the  nel)ula  in  Orion  with  my  30- 
inch  reflector  at  Wcstgatc-on-Seji,  using  an  enlarged  form  of  i)ocket  s])ec- 
troscopc  with  a  dispersion  which  does  not  split  D,  and  the  observation  is, 
to  my  mind,  final.  I  found  that  in  certain  parts  of  the  nebula  the  lines 
were  knotted,  and  in  others  broken;  but  in  the  former  case,  whilst  the  F 
line  thickened  ecjuall}'  on  both  sides,  the  chief  line  thickened  only  on  the 
more  refrangible  side  .  .  .  This  was  confirmed  by  Messrs.  Fowler  and  Bax- 
andall at  Kensington,  with  tlie  10-inch  etiuatorial  on  the  31st  October  and 
Ist  Novemlx"r,  1889,  and  again  by  Mr.  Fowler,  with  the  30-inch,  on  2d 
Novcmlx-T  .  .  .  Messrs.  Fowler  and  Coppen  have  since  made  some  very 
careful  ol)8crvations  of  the  King  nebula  in  Lyra,  and  also  record  the  chief 
line  as  having  a  fringe  on  its  more  refrangible  side.  ...  In  still  more  recent 
observations  with  a  siderostat  the  chief  line  was  noted  by  Mr.  Fowler  and 
Lieutenant  Bacon  to  have  a  decided  fringe  on  the  more  refrangible  side." 

1889.  Huggins  {Proc.  A'.  S.  v.  46,  p.  50),  Orion  Nehuia.  "My  «)wn 
obHcrvatiouH  of  this  line,  since  my  discovery  of  it  itJ  18(54.  .  .  .  show  tiie 
line  to  Ixrcomc  narrow  as  the  slit  is  made  narrow,  ami  to  l»e  sharply  and 
IKrrfcctly  defined  at  l)«)th  edges." 

IHOO.  Ilnggins  {Sidcrcnl  A/f.s.se/;gfr,  August  ISOO,  p.  310),  Orion 
ncbulo.  "  We  come  to  the  conclusion  that  a  marked  (eatnre  of  this  line  is 
itM  «hurply  defined  eharnetcr  on  the  more  refrangible  side,  we  were  unable 
under  any  of  the  condltiouH  of  obHcrving  to  detect  even  a  Huspicion  of  any 
Roricning  «»f  the  more  refrangii)le  edge  of  the  line;  innch  less  the  fiiintest  in- 
ilicntioii  of  a  '  tlare' and  certainly  not  the  distinctive  peculiarity  of  a  'Hut- 
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ing.'"  .  .  .  Liveing  (quoted  by  Huggins,  loc.  cit.  p.  311),  Orion  Nebula. 
"The  line  always  appeared  sharjily  defined  on  the  more  refrangible  side, 
whether  the  slit  were  wide  or  narrow."  .  .  .  Copeland  (quoted /oc.  c/Y. 
p.  313),  Orion  Nebula.  "  All  the  lines  were  just  as  broad  as  the  slit ;  when 
the  slit  wa8  wide  open  they  were  broad,  and  when  the  slit  was  closed 
slowly  they  gradually  became  narrower  and  narrower."  "  .  .  Young 
(quoted  loc.  cit.  p.  314).  Orion  Nebula.  "With  the  prism  the  brightest 
nebular  line  Hcemed  absolutely  sharp,  and  clearl_v  defined  on  both  sides  ; 
with  the  grating  (14,438)  the  line  was  fainter,  and  I  could  not  use  so  nar- 
row a  slit;  the  dispersion  was  much  higher  also;  the  line  therefore  was  a 
little  hazy,  hut  equally  so  on  both  sides." 

1890.  Keeler  (Pu6//cat/o/Js  /I.  S.  P.,  No.  11).  Orion  Nebula.  "With 
all  these  different  degrees  of  dispersion  (single  prism,  compound  prism,  and 
14,438  grating)  and  also  with  the  other  spectroscope  employed,  the  nebula 
lines  appear  to  be  i>erfect  monochromatic  images  of  the  slit,  widening  when 
the  slit  was  widened,  and  narrowing  to  excessively  fine  sharp  lines  when  it 
was  closed  up.  The  brightest  line  showed  no  tendency-  to  assume  the  as- 
jiect  of  a" remnant  of  fluting'  under  any  circumstances  of  observation,  but 
had  always  the  appearance  characteristic  of  light  emitted  l)v  a  gas  at  low 
temperature  and  jiressure." 

It  will  be  seen  from  these  quotations  that  great  differences 
of  opinion  exist  as  to  the  appearance  of  the  nel)ula  line. 
These  can  partly  be  accounted  for  by  the  different  light- 
gathering  power  (jf  the  telescopes  employed,  and  also  by  the 
greater  or  less  dispersion  of  the  spectroscopes.  As  Professor 
Lockyer  remarks,  the  fluted  appearance  could  best  be  seen 
with  small  dispersion;  but  although  the  fringe  would  be 
brighter  in  this  case  it  would  also  be  nan'ower,  and  the  sec- 
ond nebular  line  would  be  so  near  the  first  as  to  interfere 
with  delicate  observation  unless  hidden  by  a  wire  in  the  eye- 
piece, as  suggested  by  Dr.  Huggins.  But  mere  differences  in 
instrumental  equipment  are  not  sufficient  to  reconcile  all  the 
observations.  Probably  the  publication  of  untouched  pho- 
tographs of  the  line  would  be  the  only  means  of  satisfying 
the  opposing  views,  but  here  difficulties  of  a  different  nature 
arise. 

It  is  evidently  very  desirable  to  know  the  precise  charac- 
ter of  the  magnesia  fluting,  and  especiall_v  the  relative  inten- 
sities of  the  maxima.  This  subject  has  been  studied  by 
Professor  Lockyer  at  Kensington,  and  by  the  writer  at  the 
Kenwood  Observatory.  Professors  Liveing  and  Dewar 
have  exhaustively  studied  the  cause  of  the  fluting,  but  have 
not  given  special  attention  to  the  relative  intensities  of  the 
maxima.    Professor  Lockyer  states,  "the  compound  fluting 
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of  magnesium  near  /  500  is  very  similar  to  that  of  carbon. 
It  consists  of  a  series  of  bright  lines  of  gradually  diminish- 
ing brightness  and  increasing  distance  apart  toward  the 
more  refrangible  end,  and  each  has  a  fringe  on  the  more,  re- 
frangible side.  The  first  maximum  (the  least  refrangible)  is- 
brighter  than  the  others,  and  the  fringe  close  to  it  is  brighter 
than  the  second  maximum."*  In  all  seven  maxima  were  ob- 
served, and  the  wave-length  of  the  first  is  given  as  5006.5. 
In  experimenting  on  the  visibility  of  the  fluting  a  piece  of 
neutral  tint  glass  was  placed  between  the  burning  metal 
and  the  slit,  and  the  intensity  of  the  light  reduced  until  the 
fluting  was  about  as  bright  as  the  chief  line  in  the  Orion 
nebula.  "Under  these  conditions,  the  500  fluting  is  only 
faintly'  visible,  and  the  secondary  maxima  entirely  disap- 
pear." Another  way  of  observing  this  was  to  hold  a  piece 
of  magnesia  in  the  oxy-hydrogen  flame.  With  a  certain  pro- 
portion of  gases  the  compound  fluting  was  seen  pretty 
bright.  By  changing  the  quantity  of  hydrogen  the  fluting 
was  made  to  fade,  and  finally  only  the  first  maximum  and 
its  fringe  were  seen.  Photographs  were  also  made  which 
showed  the  first  maximum  brighter  than  any  of  the  second- 
ary ones. 

My  own  study  of  the  fluting  has  been  made  with  three  dif- 
ferent spectroscopes: — a  Rowland  concave  grating  of  5-feet 
focus  and  14,438  lines  to  the  inch ;  a  large  telespectroscope 
with  telescope  of  3  inches  aperture,  and  a  4-inch  Rowland 
14,438  grating;  and  a  small  spectrometer  with  either  a  single 
glassprism,ora  small  Rowland  grating.  These  instruments, 
with  the  exception  of  the  spectrometer,  are  elsewhere  de- 
scribed.! The  work  was  largely  photographic,  the  concave 
grating beinggcnerally  employed.  In  all  nearly  one  hundred 
photographs  of  the  fluting  have  been  obtained  in  the  first  or 
second  order  s])ectrum.  Several  series  of  plates  were  made 
with  different  widths  of  slit,  varying  from  .001  to  .04  of  an 
inch.  In  each  series  the  width  of  the  slit  was  constant,  and 
pieces  of  magnesium  ribbon  of  decreasing  length  were  burned 
before  the  slit,  the  plate-holder  being  moved  down  between 
each  exposure.  Thus  seven  photographs  of  the  fluting  are 
shown  on  a  single  plate,  and  the  exposure  of  the  strips  de- 
creases from  one  side  of  the  plate  to  the  other.     If  the  longest 
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exposure  is  just  sufficient  to  show  all  the  lines  of  the  fluting, 
the  fainter  lines  should  disappear  as  the  exposure  decreases, 
and  if  the  first  maximum  and  a  portion  of  the  more  refrang- 
ible shading  is  brighter  than  the  secondar\^  maxima,  we 
should  finally  be  able  to  obtain  this  line  and  shading  alone. 

When  fully  timed  the  photographs  show  the  seven  well 
known  lines  of  the  magnesia  fluting  and  in  addition  six 
fainter  lines  in  continuation  of  the  fluting,  but  evidently  dis- 
tinct from  it,  as  they  do  not  follow  the  same  law  of  increas- 
ing distances.  Perhaps  these  are  due  to  the  impurities  in 
the  magnesium,  but  as  yet  this  has  not  been  investigated. 
Another  still  more  refrangible  group  of  seven  faint  lines  is 
also  well  shown,  as  well  as  the  triplet  corresponding  to  the 
solar  b  lines.  A  complete  discussion  of  the  spectrum  of 
burning  magnesium  is  reserved  for  the  present;  we  will  only 
concern  ourselves  here  with  the  relative  intensities  of  the 
lines  in  the  principal  fluting.  The  following  record  of  a  sin- 
gle plate  will  show  how  the  lines  disappear  in  a  particular 
case. 
Plate  No.     Length  Mg.  Ribbon.     No.  Lines  Visible.      Width  Slit.      Order- 

E  26  1  inch  6  0.002  in.  1 

%    "  5 

%    "  4 

The  disappearnace  of  the  fainter  lines  in  this  case  is  seen  to 
be  perfectly  regular,  but  it  must  not  be  inferred  that  this 
regularity  continues.  On  the  contrary  the  first  three  lines 
seem  to  differ  materially  from  the  other  four,  and  out  of  the 
large  number  of  photographs  already  made  not  one  shows 
the  head  line  alone,  while  the  first  two  lines  are  shown  alone 
in  but  a  single  instance.  A  number  of  photographs  made  by 
a  different  method  give  almost  identical  results,  and  show 
no  variations  among  themselves.  During  the  exposure  a 
screen  moved  by  clock-work  slowly  rises  before  the  plate, 
uncovering  the  lines  of  the  fluting  by  degrees.  Thus  the  bot- 
tom of  the  spectrum  receives  an  exposure  during  the  whole 
time  that  the  ribbon  is  burning,  and  the  exposure  gradually 
decreases  toward  the  top  of  the  plate.  This  method  has 
proved  very  successful.  The  first  three  lines  of  the  fluting 
differ  so  little  in  height  that  it  is  difficult  to  pick  out  the 
longest,  while  the  fourth  is  much  shorter,  and  the  rest  of  the 
lines  fall  off"  regularly.    An  examination  of  a  number  of 
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plates  shows  the  first  lines  very  slightly  longer  than  the  sec- 
ond, while  the  latter  exceeds  the  third  by  about  the  same 
amount.  It  is  not  denied  that  the  head  line  is  somewhat 
brighter  than  any  of  the  others,  but  the  difference  between  it 
and  the  second  line  is  certainly  not  great.  Moreover  the 
shading  on  the  more  refrangible  side  of  the  head  line  is  by 
no  means  as  bright  as  the  brightest  part  of  the  second  line. 

These  are  the  conclusions  arrived  at  by  a  study  of  photo- 
graphs, but  it  must  be  added  that  they  are  open  to  possible 
modifications.  The  plates  used  are  ordinary,  unstained  dr\' 
plates  made  b\'  the  Seed  Co.,  and  their  sensitiveness  in  differ- 
ent regions  of  the  spectrum  falls  off  gradually  from  the  blue 
into  the  green.  The  curve  does  not  fall  rapidly  at  /  5000, 
and  I  cannot  think  that  a  slightly  decreased  sensitiveness  at 
the  position  of  the  first  maximum  can  perceptibly  effect  the 
results.  Even  if  there  were  such  an  effect  the  first  three  lines 
could  not  differ  from  the  others  in  so  marked  a  way,  as  the 
fall  in  the  curve  is  perfectly  regular.  Unfortunately  the 
curve  of  our  plates  stained  with  erythrosin  has  a  minimum 
in  the  green  at  about  this  point,  and  no  advantage  is  gained 
by  using  them.  Moreover,  eye  observations  with  the  vari- 
ous spectroscopes  bear  out  the  same  conclusions.  When  the 
light  from  the  burning  ribbon  is  cut  down  by  dark  wedges 
etc.,  the  first  three  maxima  disappear  almost  simultane- 
ously, and  I  have  not  yet  been  able  to  see  the  head  line 
alone  without  traces  of  the  rest  of  tlie  fiuting.  The  bearing 
of  the  these  experiments  upon  the  spectra  of  the  nebulae  is 
obvious.  It  is  hardly  to  be  supposed  that  the  light  would 
be  such  as  in  all  cases  to  show  the  chief  line  more  brilliantly 
than  any  other  line  in  the  spectrum,  while  at  the  same  time 
all  the  secondary  maxima  are  entirely  invisible.  If  the 
second  and  perhaps  the  third  lines  of  the  fiuting  can  be 
found  in  the  spectra  of  the  nebulae  the  presence  of  magnesia 
will  no  longer  be  riuestioned.  In  the  lack  of  such  observa- 
tions there  is  room  for  reasonable  doui)t. 
Kenwood  Physical  Observatory, 
Chicago,  Dec.  20,  1890. 

CIicnpcHt  Form  of  Light  is  tlic  title  of  a  ])a])cr  issmd  1)\-  I'lo lessor  S.  P. 
I„nn>(U-y  niul  F.  W.  Very,  of  Allegheny  ()l)servntory  whieli  is  ])rinte<l  in  full 
'u\  the  Amcricnnjinirn/il  of  Science.  The  ohjeet  of  the  ])ii])er  is  t«)  show  by 
the  Nliidy  of  the  rudintion  of  the  firctly  that  it  is  possible  U)  produee  Ugiit 
without  heat  other  than  in  the  light  itielf. 
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CURRENT  CELESTIAL  PHENOMENA, 

THE   PLANETS. 


Mercury  will  be  at  inferior  conjunction  with  the  sun  Jan.  13  at  ll**  31'" 
A.  M.  central  time.  He  will  be  at  greatest  western  elongation,  2o^  4-0'  west 
from  the  sun,  on  the  morning  of  Feb.  6.  He  will  be  visible  to  the  unaided 
eye  on  several  mornings  about  that  date.  To  see  him  at  that  time  one 
must  look  toward  the  southeast  about  an  hour  before  sunrise. 

Venus  will  be  at  her  greatest  brilliancy  for  the  present  season  on  Jan. 
8,  when  she  is  also  at  ])erihelion.  At  that  time  the  phase  will  be  crescent, 
one-fourth  of  her  apparent  disk  being  illuminated.  She  may  lx^  seen  to- 
ward the  southeast  in  the  morning  about  three  hours  before  sunrise. 

The  only  observer  who,  so  far  as  rejiorted,  was  successful  in  observing 
Venus  near  the  time  of  inferior  conjunction  Dec.  3  and  4-,  was  E.  E.  Barnard, 
astronomer  at  Lick  Observatory,  the  account  of  whose  observations  are 
given  on  another  page.  At  Northfield  we  were  unable,  on  account  of 
cloudy  weather,  to  see  the  planet  until  December  6,  when  the  cusps  of  the 
crescent  could  be  traced  but  little,  if  any,  beyond  the  semicircle. 

In  the  Journal  of  the  British  Astronomical  Association,  Vol.  1,  No.  1, 
Oct.  1890,  Miss  A.  M.  Gierke  gives  an  interesting  review  of  Professor  Schia- 
parelli's  papers  on  the  "Rotation  Periods  of  Mercury  and  Venus."  L' As- 
tronomic, Dec.  1890,  contains  an  article  by  Professor  Perrotin,  director  of 
the  Observatory  at  Nice,  in  which  he  gives  the  results  of  his  recent  observ- 
tions  of  Venus  with  the  great  equatorial  at  Nice.  These  observations  were 
made  in  the  daytime  on  74-  days  between  May  15  and  Oct.  4,  1890.  Sixty- 
one  drawings  were  made  during  these  observations,  six  of  which  are  repro- 
duced in  L' Astronomic  by  wood  engravings.  They  all  show  a  dusky  mark- 
ing extending  from  north  to  south  lying  in  the  first  drawings  along  the  ter- 
minator, in  the  later  ones  gradually  moving  toward  the  west.  In  the  later 
drawings  there  are  several  branches  to  the  main  dark  area.  The  conclu- 
sions derived  by  Perrotin  are  entirely  confirmatory  of  those  reached  by 
Schiaparelli,  namel}'  that  Venus  rotates  upon  her  axis  in  the  same  time 
that  she  revolves  in  her  orbit  about  the  sun.  The  period  may  be  anywhere 
between  195  and  225  days.  The  axis  is  very  nearly  perpendicular  to  the 
orbit.  ' 

Mars  will  be  in  the  same  position  with  reference  to  the  sun  in  which  he 
has  been  during  the  past  month.  His  daily  motion  eastward  and  north- 
ward is  just  sufficient  to  make  the  time  of  his  setting  almost  constant.  The 
disk  of  Mars  is  now  so  small  that  but  little  of  detail  can  be  seen  upon  his 
surface. 

Jupiter  is  too  nearly  in  line  with  the  sun  to  be  well  seen.  He  will  lae  at 
superior  conjunction  Feb.  13.  C.  Duprat,  at  Tebessa,  Algeria,  reports  that 
on  Sept.  26  and  the  following  day  he  was  able  to  see  Jupiter  with  the 
naked  eye,  20  minutes  before  sunset  {L' Astronomic,  Dec.  1890.) 

Saturn  is  in  good  position  for  observation  after  midnight.  He  may  be 
readily  recognized  in  the  eastern  part  of  the  constellation  Leo,  by  his  bright- 
ness and  his  steady  yellow  light.     The  Mo/JtA/jA^ot/ces  for  November,  1890, 
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has  not  yet  arrived  so  that  we  cannot  give  our  readers  data  concerning  the 
satelHtes  from  Mr.  Marth's  ephemerides.  We  give  this  month  a  diagram 
showing  the  apparent  orbits  of  the  seven  inner  satellites  as  they  are  seen  in 
an  interesting  telescope.  By  the  aid  of  this  diagram  the  observer  can  easil3' 
find  the  positions  of  the  satellites  on  each  da\'  between  the  dates  of  eastern 
elangation. 


"*■  SZ i'l^ 

It.  is JJL  "  S* 

Apparent  Orbits  of  the  Seven  Inner  Satellites  of  Saturn,  May  17, 
1891,  AS  Seen  in  an  Invertlng  Telescope. 

{The  Vertical  Scale  is  Twice  the  Horizontal  One,) 

Uranus  will  be  at  quadrature  with  the  sun  Jan.  21,  and  stationary'  in 
right  ascension  Feb.  4.  He  may  be  liest  observed  from  four  to  six  in  the 
morning.  He  is  near  the  foot  of  Virgo,  about  10°  east  from  Spica  and  2°. 5 
southwest  from  h  Virginis.  A  telescope  of  very  moderate  power  will  enable 
one  to  recognize  this  jilanet  by  its  greeuish-hued  disk. 

Neptune  is  now  in  his  most  favorable  position  for  amateur  observers, 
coming  to  the  meridian  a  little  after  nine  o'clock  in  the  evening.  It  may  be 
found  in  Taurus  between  the  well  known  groups  of  the  Pleiades  and  H^-ades. 
It  is  about  3°  west  and  V^°  north  of  e  Tauri,  the  upjiermost  star  in  the  Y- 
shaped  group  of  the  Hyades.  During  this  month  it  will  be  in  the  same  field 
of  view  with  two  eighth-magnitude  stars,  from  which  it  will  be  difficult  to 
distinguish  the  planet  except  by  its  relative  motion  from  night  to  night. 
Large  telescoi)es  will,  of  course,  show  the  disk  of  the  j)lanet.  On  Jan.  1  Nep- 
tune will  be  almost  directly  north  of  the  eastern  star.  Its  motion  will  carry 
the  planet  almost  directly  toward  the  western  star,  by  which  it  will  pass  on 
Jan.  9. 

MKKCIKV. 

Date.  R.  A.  Decl.  Rises.  Trnnaits.  Sets. 

1891.  h      m  °      '  h     in  h      m  h    ni     . 

Jan.     24 19  01.2  —  19  48  6  05  A.  M.  10  46.1  A.  M.  3  27  |>.  M. 

Feb,     3 19  22.1  —  20  58  5  52    "  10  28.0     "  3  04     " 

»3 2009.4  -2037  559    "  1035.8     "  313     " 

VENUS. 

Jan.  24 17  15.3     —  18  28  4  14  A.  M.        9  00.8  A.  M.  I  48  p.  M. 

Feb.    3 17  52.3     -  19  23  4  15     •'  8  58.2     "  I  41     " 

13 1833.6     —  19  52  4  20    "  9  00.2     "  I  41     *• 

MARS. 

Jnn.   24 23  57.0  —    o  46  9  4'  A.  M.  3  41.3  p.  M.  9  42  p.  m. 

Feb.    3 o  23.9  -|-    2  18  9  16    "  3  28.8    "  9  41     " 

13           "  '''.6  -j-    5  '^  8  52     "  3   16.2     "  9  41     '• 
jupitkr. 

Jan.  34 21  30.3  —  15  35  8  15  a.  m.  i  15.0  p.  m.  6  15  p.  m. 

reb.    3 31  39.6  -  14  49  7  42    "  u  45.0    "  5  48    " 

13 21  490  —  14  02          7  08    "  13  15.0    "  5  22    " 
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Date.       R.  A.  Decl. 

1890.      h   m  °   ' 

Jan.  24 II  13.4  +  7  15 

Feb.  3 "  "-4  +  7  30 

13 "  08.9  -j-  7  4^ 

Jan.  24 13  57.6  —  II  26 

Feb.  3 13  57.8  -  II  27 

13 13  57.6  —  II  26 

Jan.  24 4  09.7  -f  19  22 

"Feb.  3 4  09.4  4-  '9  22 

13 4  09.3  +  19  22 

Jan.  19 20  06.4  —  20  07 

24 20  27.5  —  19  09 

29 20  48.2  —  17  51 

Feb.  3 21  08.6  -■  16  26 

8 21  28.7  —  14  54 

13 21  48.4  -  13  16 

Jan-  25 9  47.9  4-  19  10 

29 >2  49-7  -f  o  32 

Feb.  5  18  07.5  —  24  52 

10 23  31.4  -  9  49 

15 4  03.3  +  19  II 


Rises, 
h  m 
8  27  P.  M. 

7  41  " 

6  58  " 

URANUS. 
12    26  A.  M. 
II    43  P-  M. 
II    03      " 

NEPTUNE. 
12   31   P.  M. 
II    51  A.  M. 
II    12      " 

THE  SUN. 
7    30  A.  M. 

7  27     " 
7  22     " 

7  17     " 
7   10     '• 

7  04     " 

THE   MOON. 

5   36  P.  M. 
9  46     " 
4   28  A.  M. 

8  29     " 
10  39     '• 


Transits. 

h       m 

2   55.8  A.  M. 

2    14-5      " 
I    32.7      " 


5   43-5  A.  M. 

5  00.5     " 

4   21.0 

7  53-3  P-  M. 

7  13-7     " 

6  34.2     •• 

12  I  I.O  p.   M. 

12  12.4       " 

12  13.4      " 

12  I4.I       " 

12  14.4       " 

12  14.4       " 

I     16.2   A.  M. 

4  03.8     " 

8  53.0     " 

I    57.4  P.  M. 

6  09.9     " 


[Centnil  Time;  E  = 
western  elongation  :  S 


Jan..  16  11.2  a.  m.  I. 


Saturn's  Satellites. 

eastern  elongation ;  I  = 
=:  superior  coiy unction.] 

JAPETl'S. 

Feb.      4-     8..S  W. 

TITAN. 


Sets, 
h     m 
9  31  A.  M. 

8  48     " 
8  07     " 


n  01  p.  M. 

M     18        " 
'    39  A.   M. 

3    16  A.  M. 

2     36       •• 


4  52  p.  M. 

4  5«     " 

5  04  •' 
5  II  " 
5  18  '• 
5  25     •' 

9  02  A.  M, 

10  32      " 

I  15  P.  M, 

7  3«     " 

I  52  A.  M. 


inferior  conjunction;  W 


Jan. 


Jan. 


17 
21 
25 

18 
23 
27 


10.9  p. 
5.8 
7.7 


M.  E. 
"  I. 
"  W 


E. 
E. 
2.7  p.  -M.  E. 


2.0  p. 
2.3  A. 


Jan.  17  4. 4-  a.  m.  E. 
19  10.2  !'.  M.  E. 
22  3.7  P.  M.  E. 
25  9.4  A.  M.  E. 
28  3.1  A.  .Nf.  E. 


|an. 
"Feb. 


Feb. 


[an. 
'Feb. 


-M 


29  11.1  P 
2  9.6  " 
6  4.5   " 

KHEA. 
1   3.1  A.  M. 
5   3.4  P.  M. 


E. 
I. 

E. 
E. 


Feb. 


10 
14 


6.2  p. 

9.4  ' 


\V. 

S. 


10  3.8  A.  M.  E. 


UIONE. 


30 
2 
5 

8 
10 


8.7  P.M.  E. 
2.4  p.  M.  E. 
8.0  A.  .M.  E. 
1.9  A.  M.  E. 
7.4  p.  M.  E. 


Feb.  14  4.1  !■.  M  E. 


Feb.  13  1.0  p.  xi.  E. 


Jan. 


17  2.1a, 

18  11.4  p. 
20  8.7  p. 


M.  E. 
M.  E. 

M.  E. 


22  6.0  p.  M.  E. 
24  3.3  p.  M.  E. 
26  12.6  P.M.  E. 


Jan. 
Feb. 


28 

30 

1 

3 


9.9  a.m.  E. 
7.2  A.M.  E. 
3.5  A.  M.  E. 

1.8  A.  M.  E. 


4  11.1  P.M.  E. 
6  8.4  p.  M.  E. 


Feb.  8  5.7  p.  M.  E. 
10  3.0  p.  M.  E. 
12  12.3  p.m.  E. 
14  9.6  A.  M.  E. 
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Occultations  Visible  at  Washington. 


Date. 

Jan.  17. 
19.. 
21.. 
26.. 
SO- 
SO.. 
3I" 

Feb.  12.. 
15.. 


star's 

Magni- 

Xame. 

tude. 

..B.A.C.  755 

6.5 

.03>  Tauri 

6.0 

.5  Geminorum 

6.7 

.1  Leonis 

5-7 

.65  Virginis 

6.1 

.P  Virginis 

5-1 

.K  Virginis 

4.2 

.f  Piscium 

51 

.00^  Tauri 

6.0 

IMMERSION. 
Wash.     Angle  f 'm 
Mean  T. 
h     m 

5  " 

4  45 
13  37 
15  46 


12  04 
18  21 
14  10 

5  47 

13  01 


N.  P't. 

83 

27 


99 
197 

139 

104 

28 

127 


EMERSION. 
Wash.       Angle  f  m 
Mean  T.        N.P't. 

h     m  ° 

6   2^.2 


5  45-9 

14  19-5 
16  56.7 

12  18.8 
19  39-7 

15  21.5 

6  49.8 

13  38-0 


207 
278 
220 
326 
222 
289 

327 
265 

215 


Dura, 
tion. 
h  m. 
I  12 
I   01 

o  43 
II 

15 
19 
12 

03 
37 


Minima  of  Variable  Stars  of  theAlgol    Type. 

[The  times  are  given,  to  the  nearest  hour  of  Central  Time,  of  onh'  those 
minima  which  can  be  observed  in  the  United  States.] 


U  CEPHEI. 

R.  A 0''52'"32» 

Decl 4-81°  17' 

Period 2d  IV"  50™ 


Jan. 19 
24 
29 

Feb.    3 

7 
12 

2  A.  M. 

1    " 
1    " 
1    " 
midn. 

ALGOL. 

R.  A 

Decl 

...3h  10™  01' 
....+  40°  32' 

Period 

..2d  20''  49'" 

Jan.  19 
23 
25 

Feb.  11 
14 


midn. 

9  P.M. 
6    *• 
11    ♦' 

8    •' 


A  TAURI 

R.  A 31'  54™  35- 

Decl +  12°  11' 

Period 3c/  22''  52™ 

Feb.    2  midn. 

6  11  P.M. 

10  10    " 

14  9    " 

R  CANIS  MAI. 

R.  A 7''  14"'  30* 

I)ecl -  10'^  11' 

Period If/  3«'  ir>™ 


Jan.  19 
20 
22 
27 
38 

ao 


8  p.  M. 
11     " 
2  A.  M. 

7  p.  II. 
10   •• 

1  A.M. 


R  CANIS  MAJ.   Cont. 
Feb. 


4 

6  p.m. 

5 

9    " 

6 

midn. 

8 

3  A.  M. 

13 

8  p.  M. 

14 

11  " 

S.  CANCRI. 

R.  A S^ST™  39' 

Decl +  19°  26' 

Period 9d  11"  38™ 

Jan.  13  10  p.  M 

Feb.    1  10    " 

S  ANTLI/E. 


R.  A 

Decl 

Period 

Jan.  16 

17 

18 

21 

22 

23 

24 

25 

25 

26 

27 

28 

29 

30 

Feb.    3 

4 

5 

6 

6 

7 

Feb.   8 


9h  27ni  30" 
,..—  28°  09' 
^h  4,7i» 

ii  p.  M. 

10  " 
9   " 

3  A.  M. 

3     '• 
2    " 

2  " 

1  " 
midn. 

11  p.  M. 
11    " 

10  •' 
9    " 

3  a.;m. 

2  '^ 

2    " 

1    " 

midn. 
ti 

11  p.  M. 


S  ANTLIAE.     Cont. 
Feb.     9         10  p.  M. 

10  10    " 

11  9    " 
15  3  A.  M. 

S  LIBR^. 

R.A 14''55™06» 

Decl —  8°  05' 

Period 2d  07'' 51"» 

Jan.  18  3  a.m. 

24  3    " 

Feb.    1  3    " 

7  2    " 

15  2    " 

U  CORONA. 

R.A 15"  13™  43' 

Decl +  32°  03' 

Period 3d  10"  51™ 

Jan.  13  3  A.  M. 

20  2    " 

26  midn. 

Feb.    5  3  A.  M. 

12  midn. 

Y  CYGNI. 

R.  A 20"  47™  40' 

Decl +  34°  15' 

Period \d  11"  57™ 

Jan. 


Feb. 


15 

8  p.  M 

18 

8     " 

21 

8     " 

24 

8     '• 

27 

8    " 

30 

8    " 

2 

8    " 

5 

8    " 

8 

8     " 

11 

7    •' 

14 

7    " 
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Phases  and  Aspects  of  the  Moon. 

Central  Time, 
d 

First  Quarter 1891  Jan. 

Full  Moon 


Apogee 

Last  Quarter. 

New  Moon 

Perigee 


Feb. 


d 

h     m 

17 

12    18  a. 

M. 

24 

6   25  P. 

M. 

27 

9  4.8  a. 

M. 

1 

10  42  P. 

M. 

8 

8   12 

• 

9 

6   18  A. 

M. 

COMET  NOTES. 


Comet  1889  V.  Mr.  Dayton  C.  Miller,  now  instructor  in  mathematics 
in  the  Case  School  of  Applied  Science,  at  Cleveland,  Ohio,  has  computed 
the  following  elliptic  elements  of  this  comet,  from  observations  made  by 
himself  with  the  23-inch  equatorial  and  square  bar  micrometer  of  the  Hal- 
sted  Observatory,  Princeton,  from  Nov.  14,  1889,  to  March  8, 1890.  Three 
normal  places,  Nov,  15.5,  Dec.  15.5  and  Jan.  14.5,  were  used  in  computing 
the  elements.  The  investigation  of  the  orbit  and  historical  sketch  of  the 
comet,  on  the  supposition  of  its  identity  with  Lexell's  comet  of  1770,  were 
presented  as  a  thesis  for  the  degree  of  Doctor  of  Science  to  the  Faculty  of 
the  college  of  New  Jersey,  Princeton,  in  1890. 

T  =  1889  Sept.  28.27186  G.  M.  T. 
jr  =    0°  44'  02".77| 
Q   =z  18    05    55   .67)- 1890.0 
/=     6    04    02   .23) 
<?)  =  27     15    38   .18 
log  a  =  0.5537124 
log  M  =  2.7194381 
P  =  6.7697  yrs. 

Middle  place,  Obs. — Calc. 
dX  cos/3  =  +  0".19  dfi=  -{■  0".05 


Comet  ^1890  (Spitaler)  has  been  looked  for  at  many  places  but  seen  at 
very  few.  Professor  Lewis  Swift  saw  on  Dec.  8  an  object  which  on  Dec.  14 
was  not  in  the  same  place.  Professor  Barnard  at  Lick  Observatory  has 
observed  this  comet  regularh-  since  Dec.  6.  He  says  that  it  has  been  ex- 
ceedingly small  and  faint,  but  that  it  is  now  (Dec.  12)  apparently  getting 
somewhat  larger  and  brighter.    No  elements  have  yet  reached  us. 


Comet  e  1890  (Zona)  has  been  observed  at  many  places.  The  best  ele- 
ments at  hand  are  those  by  Mr.  Wendell,  which  are  given  below. 

Orbit  and Ephemeris  of  Comet  e  1890  {Zona  Nov.  15.)  From  Zona's 
observation  of  Nov.  15  and  my  own  of  Nov.  22  and  28,  I  have  computed 
the  following  orbit  and  ephemeris  of  Zona's  comet : 

Elements. 

T  =  1890  Aug.  7.10021  Gr.  M.  T. 
jr—  ^  1=  331°  26'  36" 
Q  =  85  29   8 
i  =  154  26   5 
/o^q  =  0.31148   9^2.0487 
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Ephemeris. 

Gr.  M.  T. 

App.  R. 

A. 

App.  Dec. 

h 

m 

8 

o      • 

Jan.  1.5 

2 

3 

46 

+  29  24 

2.5 

2 

1 

48 

29  13 

3.5 

1 

59 

55 

29   2 

4.5 

58- 

6 

28  52 

5.5 

56 

21 

28  41 

6.5 

54 

42 

28  31 

7.5 

53 

7 

28  21 

8.5 

51 

35 

28  12 

9.5 

50 

8 

28   2 

10.5 

48 

48 

27  54 

11.5 

47 

31 

27  45 

12.5 

46 

16 

27  37 

13.5 

45 

6 

27  29 

14.5 

44 

0 

27  22 

15.5 

42 

56 

27  14 

16.5 

41 

54 

27   7 

17.5 

40 

57 

27   0 

18.5 

40 

4 

26  53 

19.5 

39 

12 

26  47 

20.5 

38 

22 

26  41 

21.5 

37 

36 

26  35 

22.5 

36 

54 

26  29 

23.5 

36 

13 

26  2-?. 

24.5 

35 

35 

26  19 

25.5 

34 

58 

26  14 

26.5 

34 

25 

26   9 

27.5 

33 

53 

26   5 

28.5 

33 

23 

26   1 

29.5 

32 

55 

25  57 

30.5 

32 

29 

25  53 

Tan.  31.5 

1 

32 

r. 

+  25  49 

Logr. 
0.4279 


0.4326 


0.4373 


0.4420 


0.4467 


0.4513 


0.4560 


0.4606 


The  theoretical  light  of  the  comet  on  Jan.  31  will  be  less 
on  Jan.  1.  O.  C. 

Harvard  College  Observatory,  Dec.  17,  1890. 


Log  ^. 
0.3202 

0.341G 

0.3627 

0.3829 

0  4025 

0.4214 

0.4395 

0.4568 


than  half  that 

Wli.NDELr.. 


Smith  Observatory  Observations.  The  following  sun-spot  ob.servations 
were  made  with  helioscope  unless  otherwise  stated.  Thcv  were  taken  bv 
Charles  Iv.  Pcet : 


18M. 


Nov,  IN 
1» 
20 
21 
23 
33 
24 
20 
20 
37 
» 

I>M.    1 
• 

H 
10 
14 


»0<>  Mer. 
II.  T. 


2:r>ri  p  m 
1:1a  |>  III 

i:ir>  i>  Ml 

S:)M>p  m 
4:3S  |t  in 
3:)I0  |i  m 
].'4A  p  m 
3:80  p  m 
3:AS  |>  m 
13:30  p  m 
3:80  p  ni 

0:40  a  m 
1:3ft  p  in 
13:ftA  p  m 
•:tN  n  III 
8:10  p  in 


o 

"fl  1 

3 

T) 

? 

? 

9 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1ft 

0 

1 

IS 

1 

11 

3 

10 

0 

13 

1 

17 

1 

0 

0 

3 

0 

0 

0 

0 

3 

IS 

3 

Seeing. 


INior. 
I'oor. 
Fiilr. 

KiKl. 

HikI. 
Fair. 
Kiilr. 
I'lilr. 

(»<M)<I.» 

1 r. 

Fiilr.' 

Poor.* 

I'oor. 

<looi|, 

I'oor. 

Fair. 


Remarks. 


Fuculii!  ii(<ar  SW.  Ilinl). 


I    Se*>liig  tou  poor  to  (lIstlngulHh  anythhiK. 

Ono  Inrffo  »«)iof  with  niir.  aiul  iioiiiiin. 
Fai'iila>  oil  .N  \V.  Ilinli. 

FaflllollH   IIMlttlillKH. 

Four  of  Mii<N|iotMliiivi>iiiit'.  and  pciiiiiiibra. 

Faciilii'  on  \V.  Ilinli. 

FartiloiiM  niottlliiKM  iii'iir  .N' \V.  nnil  N.  Iliiili. 

(Irniip  near  N\V.  Ilinli;  I  upot  witli  nuc. 
Oroiiii  timir  SW.  limb.  [and  poiiuinbra. 
FniriiioUH  roKloii  about  npot. 

Farulm  on  IC,  UK.  and  NE. 


*  Pro)«otlOD  OB  W  OB.  drato. 


Cha8.  a.  Bacon. 
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Carleton  College  Sunspot  Observations.    (Continued  from  page  468.) 


Nov.  21 

24 


Dec.   6 


O 

^ 

n 

•/! 

p 

Central 

0 

•B 

o 

Time. 

"C 

^ 

.* 

X 

12:30  p  in 

0 

0 

0 

10:40  a  m 

1 

2 

2prr. 

2:20  p  111 

1 

13 

0 

12:40  p  m 

1 

14 

2gr. 

10:20  a  111 

1 

10:30  a  in 

1 

4 

12:25  p  m 

1 

1 

2gr. 

11:13  am 

1 

I 

1   "  . 

12:45  p  in 

1 

1 

1   " 

12:45  p  in 

0 

0 

1    " 

12:20  p  m 

() 

0 

0 

12:20  p  m 

1 

14 

0 

12:20  p  in 

I 

«i 

0 

12:45  p  in 

2 

20 

0 

12:35  p  m 

2 

10 

Ifcr. 

12:40  p  m 

2 

S 

3   " 

11:10  a  m 

0 

0 

1 

12:40  a  m 

1 

I 

2gr. 

ObHerver. 


C.  R.  \V. 


Remarks. 


One  Rinall  spot  surrounded  by  group  of 
fai-ulae  SW.  of  centre.  Group  of  faculae 
SE. — not  proiniueiit. 

One  Biiiall  spot  ver.v  near  W.  limb  sur- 
rounded by  small  brinht  frroup  offaculae. 

Small  spot  on  E.  limb  miiitouikIhiI  by 
small  group  of  fa«-ulae. 


Large  group  of  faculae  on   E.  limb  sur- 
ron  ndiiiir  Hrnall  npot. 


Mount  Holyokt  Observatory.  Sunspot  Observations  by   Miss    E.   M. 
Bard  well. 


_ 

•^ 

1 

X 

n 

1S90 

Eastern 

5 

0 

a 

Ueuiarks, 

Time. 

0 

0 

Nov.    3 

^ 

"       4 

§§ 

0 

0 

0 

"       5 

.a^i 

0 

0 

0 

« 

<'^ 

0 

0 

0 

7 

12.30 

1 

4 

Hazy, 

•     10 

1 1 .00 

1 

« 

1 

Floating  clouds. 

•     13 

3.00 

2 

» 

'■      14 

^ 

0 

1 

2 

•      IS 

o? 

0 

0 

3 

•      10 

•^  *: 

0 

0 

1 

•      21 

<- 

0 

0 

2 

22 

1200 

4 

2 

•      24 

12.00 

13 

Too  cloud.v  to  see  faculae. 

2.") 

12.00 

24 

Cloud.y.     Could  not  count  all  the  numbers. 

••      20 

12.00 

26 

••     27 

12.00 

25 

"     28 

12.00 

20 

2 

Largest  spot  24,000  miles  across. 

Dec.     1 

11.30 

3 

1 

Faculae  around  Hpots. 

2 

11.00 

5 

1 

Large  and  very  bright  faculae  around  spots. 

0 

12.00 

1 

1 

•      12 

0 

3 

■     l:i 

12.00 

9 

Cloudy. 

Vo 

12.00 

2 

14 

2 

One  group  of  faculae  was  very  bright. 

■■      10 

12.00 

1 

Very  hazy.     Many  small  spots.    Could  not  coun 

t  them. 

•'      19 

11.30 

2 

10 

3 

South  Hadlev,  Mass. 
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Solar  Observations,  Aha,  Iowa.. 

OCTOBER  1.S90. 


20  a  tn 
45  a  m 
25  a  m 
20  p  m 
00  m 
.80  a  m 
25  a  m 
20  a  m 
,15  a  m 
20  p  m 
IK)  m 
30  a  m 


11.30  a  m 
11.20  a  m 

3.45  p  m 
11.30  a  m 

4.30  p  m 
11.20  a  m 
11.30  a  m 


S5 

•< 

'^ 

'i? 

BTo 

C 

*  0 

So 

"^ 

(B  -» 

s 

0 

n 
0 

a 

so 

•a 
0 

C 

•1 
0 

e 
•3 

SO 

■a 
0 

0 

m 

m 

0 

0 

1 

?. 

Good. 

0 

0 

III 

0 

Fair. 

0 

0 

0 

0 

Good. 

1 

•> 

1 

•> 

Poor. 

0 

0 

0 

0 

Poor. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Good. 

1 

3 

1 

3 

Good. 

0 

3 

1 

r> 

Good. 

0 

0 

1 

6 

Good. 

1 

9 

2 

11 

Fair. 

0 

« 

2 

17 

Good. 

0 

0 

2 

15 

Fair. 

0 

0 

1 

? 

Poor. 

0 

0 

1 

9 

Poor. 

0 

0 

1 

2 

Good. 

0 

0 

0 

1 

Bad. 

FaculSB  N\V. 

Faculae  on  NW.  limb. 

Sun  too  low  to  count  spots. 

Haz.v. 

Faculae  near  W.limb. 

Clear  Disc. 

Clear  Disc.    Aurora  this  evening. 

Clear  Disc. 

Spots  SE.  limb.     Faculae  E. 

2  larRe  spots,  others  small.    Faculae  on  E.  limb. 

3  larjre  spots,  1  spot  with  umbra  aud   penumbra. 

Faculae  around  Group. 
Sliffht  haze.    Could  not  count  all  small  spots. 
Spots  small.    1  lar^e  one. 
Brilliant  "bridpe"  across  larffe  spot. 
Siiiffle  jjlimpse  throuKh  clouds. 
Sun  too  near  horizon  to  count  spots. 
Fncuiae  N\V. 

Haz.v.     Large  spot  1h  on  W.  limb  disappeapearlng 
by  solar  rotation. 


No  observations  owing  to  clouds  on  the  8d,  5tb,  8th  to  13th,  iSth,  27th  to  2i)th. 
NOVEMBEU  1890. 


30  a  in 
25  a  m 
20  a  m 
20  a  m 
00  p  in 
00  p  m 
50  a  in 
55  a  ni 
20  a  m 
30  a  m 
IK)   m 

25  a  in 
10  p  m 
20a  m 

26  a  ni' 
00  m 
25  n  m 
40  p  ni 
10  p  in 
00    ni 


13.00    m 

n.4nain 
11. nun  in 
ll.4fiAni 

3.45  p  m 


0 

0 

0 

0 

Poor. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Good. 

1 

8 

3 

Good. 

0 

0 

3 

Good. 

0 

0 

8 

Fair. 

0 

0 

2 

Good. 

0 

0' 

2 

Fair. 

0 

0 

0 

0 

Fair. 

0 

0 

0 

0 

Poor. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Poor. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Good. 

0 

0 

0 

0 

Poor. 

1 

3 

I 

2 

Good. 

0 

8 

1 

5 

Good. 

0 

3 

1 

7 

Good. 

8 

? 

4 

7 

Dad. 

0 

? 

4 

10 

Good. 

0 

A 

4 

13 

Fair. 

0 

0 

4 

15 

Good. 

0 

0 

4 

U 

Poor, 

0 

0 

8 

7 

Poor. 

Apparentl.v  Clear  Disc. 
Clear  Disc. 
Clear  Disc. 
Clear  Disc. 

(iroup  about  2  days  in  SE.  surrounded   by   small 

[faculae. 
Group  on  Meridian. 

Spots  small. 

Apparently  Clear  Disc. 

IJKht  ctoudH. 

Small  faculae  on  E.  Hint).    Groups  famine  near  SE. 

Faculae  SE.  [and  W.  limb. 

Small  faculae  SE. 

Clear  Disc. 

Haze. 

Group  surrounded  by  faculae  on  V,.  limb. 

1  large  spot .     Large  area  taeniae. 

I  large  spot. 

llii/.y.     Single     glimpse    through     clouds.     Group 

N.  l/at .  ■')  very  large  spots  with  11  in  bra  and  pen  u  111  lira. 

(iroiipN   close   together.      .Niniierous    small    spots. 

Slight  haze.     :t  lnrgi>  spots  unchanged. 
Could  nut  count  all  Niiialler  spots. 
1  large  spot  with  umbra  and  penumbra. 
Large  spot   iiiicliaiiged.     Mazy.    CouM  not   couut 

smaller  spots. 
Very  hazy.    Faculae  E.  limb.    Group  NE. 


(londjr  on  3d,  etb,  7tb,  8tb,  10th. 
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DECEMBER.  1890. 


^ 

'Ji 

■y: 

1 

?® 

»0 

! 

B 

5  ■ 

O       1 

B3 

^C 

Se 

B 

C 
n 
0 

0 

C 
0 

0 

C 
B 

T3 

m 

.S" 

X 

11.45  a  m 

0 

0 

1 

1 

Fair. 

12.00    m 

0 

0 

0 

0 

Poor. 

1.30  p  in 

0 

0 

0 

0 

Good.  ' 

12.10  p  in 

0 

0 

0 

0 

Good.   , 

11,20  p  m 

0 

0 

0 

0 

Fair. 

12.00    m 

0 

0 

0 

0 

Poor. 

11.15  a  in 

0 

0 

0 

0 

Good. 

11.25  am 

0 

(1 

0 

0 

Fair. 

2.20  p  m 

2 

10 

2 

10 

Good. 

11.40  a  m 

1 

4 

3 

14 

Poor. 

KeinarkH. 


Larfre  spot  on  NW.  limb  disappearinfi  by  solar 
Hazy.  [rotation. 

SSiuall  faculae  on  N\V.  linib.    Faint  fcroup  fa<'ula« 
Apparentl.y  (^lear  Disc.  [near  E.  and  SW.  limb. 

Apparently  Clear  Disc. 

Clear  Disc. 

Small  faoulae  near  E.  limb. 

Larger  (froup  S.  latitude  on  Meridian.  Other  group 

W.  about  V4  across  Disc. 
Small  fticulae   near  SE.  limb.    Very   hazy.    Could 
noteouutallspots.    New  group  E.  ot  larger  group. 


David  E.  Hadden. 


Solar  Prominences  for  November. 

DATE.  POSITIO.N  A.NGLE. 

1 80,  165,  250,  276.  316. 

2 166,  245to26S. 

4 253,  260,  295. 

5 150,  168,  255. 

7 172,  251,  336. 

16 144,260. 

20 88,  140,262,309. 

21 50,  234. 

22 50,  151,255. 

23 55,  150,  252,  270,  310. 

27 150. 

30 236,   327. 

Note. — During  latter  half  of  month  definition  has  been  verj'  bad. 

Camden  Observatory  December  1st,  1890. 


Astronomical  Phenomena  during  the  Year  i8gi. 

The  principal  phenomena  predicted  for  the  year  1891  are  four  eclipses, 
two  of  the  sun  and  two  of  the  moon,  a  transit  of  Mercury  over  the  sun's 
disk,  and  the  disappearance  and  reappearance  of  Saturn's  rings.  Of  these 
the  last  two  will  excite  the  most  interest. 

A  total  eclipse  of  the  moon,  May  23,  will  Ije  invisible  in  the  United 
States,  but  visible  generally  throughout  the  western  part  of  the  Pacific 
Ocean,  Australia,  Asia,  Africa  and  Europe. 

An  annular  eclipse  of  the  sun,  June  6,  will  be  visible  in  the  northern 
part  of  Siberia.  It  will  be  visible  as  a  partial  eclipse  in  the  western  paii;  of 
the  United  States,  in  British  America,  Europe  and  Siberia. 

A  total  eclipse  of  the  moon,  Nov.  15,  will  be  visible  throughout  North 
and  South  America,  Asia,  Africa,  Europe  and  the  Atlantic  Ocean.  It  will 
begin  at  3''  36'"  and  end  at  9''  03'"  p.  M.  Central  Time.  We  expect  later  to 
give  a  chart  of  the  moon's  path  among  the  stars  during  this  eclipse,  and  a 
list  of  the  stars  which  will  be  occulted. 
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A  partial  eclipse  of  the  sun  December  1  ^vill  be  visible  onh'  in  the  south- 
ern part  of  South  America  and  the  south  polar  re<?ion. 

The  Transit  of  Mercury  across  the  sun's  disk  will  take  place  on  May  9, 
beginning  at  5^  55'"  and  ending  at  10:53  p.  m.  central  time.  It  will  be 
partly  visible  in  the  United  States  and  throughout  the  western  part  of 
North  and  South  America  and  Asia.  The  whole  transit  will  be  visible  in 
Japan,  China,  Eastern  Siberia,  Australia,  and  the  Malaysian  Islands.  It  is 
not  likely  that  any  expeditions  will  be  sent  out  for  the  purpose  of  obtaining 
observations  of  this  transit  under  favorable  circumstances,  for  such  observa- 
tions would  be  of  value  only  in  determining  the  ])lace  of  the  planet.  The  so- 
lar partillax.for  which  such  great  pains  have  been  taken  in  observing  transits- 
of  Venus,  has,  by  other  means,  been  determined  with  much  greater  accuracy 
than  could  be  attained  from  transits  of  Mercurj-.  There  are  however,  in- 
teresting questions  as  to  the  planet's  appearance  during  transit,  its  at- 
mosphere and  motion.  No  one  who  has  the  opportunity  to  observe  this 
transit  should  neglect  to  make  all  the  use  possible  of  it. 

Professor  G.  W.  Coakley,  of  the  University  of  New  York,  has  computed 
the  times  of  the  contacts  for  several  of  the  observatories  of  the  United 
States,  data  which  will  be  found  very  useful  to  those  wishing  to  observe 
the  transit. 

On  Sept.  22  the  earth  will  pass  through  the  plane  of  Saturn's  rings. 
The  rings  then,  in  telescopes  of  sufficient  power  to  show  them,  will 
appear  as  a  fine  straight  thread  of  light.  From  Sept.  22  to  Oct.  30  the 
earth  will  be  above  the  plane  of  the  rings,  while  the  sun  will  be  below  that 
plane,  shining  upon  the  south  side  of  the  rings.  The  rings  then  should  en- 
tirely disappear,  except  the  very  fine  thread  of  light  which  comes  from  the 
outer  edges  of  Rings  A  and  B.  Alter  Oct.  30  the  sun  will  be  on  the  north 
side  of  the  plane  of  the  rings,  so  that  its  light  will  illuminate  the  same  side 
of  the  rings  at  which  we  look.  Man}'  interesting  observations  were  made 
at  the  time  of  the  disapi)earance  of  Saturn's  rings  in  1878  and,  althougli 
the  position  of  the  planet  will  be  very  unfavorable,  it  is  to  be  hoped  that 
many  of  them  will  be  repeated  this  year,  and  accurate  data  obtained  for 
the  solution  of  the  problems  connected  with  the  rings.  Saturn  will  be  in 
conjunction  with  the  sun  on  Sept.  12,  so  that  at  the  time  of  the  disappear- 
ance of  the  rings  it  will  be  very  close  to  the  sun  and  can  be  oljscrved  only 
very  near  the  horizon. 

We  will  give  in  our  next  number  an  abstract  of  a  ])a])cr  by  Professor 
Trouvclot  on  his  observations  in  1877-78,  with  his  suggestions  as  to  the 
observations  which  should  be  made  this  year. 

Transit  of  the  Planet  Mercury  over  the  Sun's  Disk,  May  9,  1891. 

At  the  Lick  Observatory.  Mt.  Hamilton,  Cal., 
The  Hxtcrior  IngrcMH  takes  place,        1 1''  5+'"  17". DO  r.nonwicli  Mean  Time. 

or,  3''  5+'"  17".Ul»  Pacific  Standard  Time. 

The  Exterior  Egress  takes  place  at     1(>''  50'"  20'. 52  (irccnwich  Moan  Time. 

or  8''  50'"  20".52  Pacific  Statulard  Time. 

At  this  Inst  phase  of  the  trnnhit  the  sun  will  l>c  Ik-Iow  the  horizon  for  al- 
pnrts  of  the  Pacific  Const,  with  the  possible  exception  of  some  of  the  north- 
ern |K)rtions  of  Alaska.  At  places  farther  cast  the  times  of  Ivgrcss  will  be 
■till  later,  and  hence  have  not  Ijeen  computed. 
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At  Carleton  College  Observatory,  Northfield,  Minn., 
Exterior  Ingress  takes  place  at  ll'^  54™  26". 68    Greenwich  Mean  Time. 

or      5*^  54"'  26".68  Central  Standard  Time. 

At  Chicago,  111., 
Exterior  Ingress  takes  place  at  1 1^  54"'  19". 73    Greenwich  Mean  Time. 

or      5'>  54'"  19".73  Central  Standard  Time. 

At  New  York  City, 
Exterior  Ingress  takes  place  at         11'' 54'"  25". 81   Greenwich  Mean  Time. 

or      6''  54'"  25'.81  Eastern  Standard  Time. 

At  the  Naval  Observatory,  Washington,  D.  C. 
Exterior  Ingress  takes  place  "at  11''  54""  18". 64  Greenwich  Mean  Time. 

or      6''  54'"  18". 64  Eastern  Standard  Time. 

At  Cambridge  Observatory,  Mass., 
Exterior  Ingress  takes  place  at         iT' 54'"  32V55    Greenwich  Mean  Time. 

or      6''  54'"  32".55  Eastern  Standard  Time. 

George  \V.  Coaklev. 


NEWS  AND   NOTES. 


In  sending  names  and  addresses  to  the  Messenger,  correspondents  are 
esjiecially  urged  to  write  plainly,  and  in  the  case  of  renewals  of  subscrip- 
tions the  address  previously  used  should  always  be  stated  whether  a  change 
is  desired  or  not.  By  so  doing  mistakes  in  the  mailing  lists  will  Ijc  pre- 
vented. 

The  prospects  for  Volume  X  of  the  Messe.nger  for  the  year  1891  are 
certainly  very  briglit.  Never  before  have  the  books  shown  so  long  a  list  of 
renewals  and  new  names  in  the  month  of  December.  The  increase  of  the 
subscription  price  of  the  last  year  has  had  the  opposite  effect  from  that  an- 
ticipated. Instead  of  a  lessened  number  of  subscribers  the  books  show  an 
actual  and  considerable  increase.  And  a  general  and  hearty  support  before 
unrealized  has  been  given  in  various  ways. 

With  such  encouragement  in  our  work,  further  improvement  will  be 
possible  and  is  even  now  under  contemplation.  One  new  feature  of  which 
we  have  spoken  before  will  have  its  beginning  in  our  next  number.  Pro- 
fessor W.  C.  Winlock,  Superintendent  of  the  Bureau  of  International  Ex- 
changes, has  furnished  copy  already  for  the  Bibliography  of  Astronomy  for 
a  considerable  part  of  the  j-ear  1890.  This  most  useful  addition  to  our  an- 
nual record  of  the  progress  of  Astronomy  will  hereafter  appear  regularly, 
and  will  follow  the  dates  and  events  they  record  so  closely  as  to  Ije  of  the 
largest  possible  service  to  all  interested  in  the  various  branches  of  Astron- 
omy*. 

The  reprint  of  Volume  I  of  the  Messenger  will  be  undertaken  as  soon 
as  the  next  publication  of  Carleton  College  Observatory  is  through  the 
press.  The  second  publication  (though  not  so  numbered)  is  a  full  set  of  ta- 
bles for  various  reductions  of  observatory'  work,  and  this  volume  is  now  in 
the  hands  of  the  binder.    The  copy  for  the  next  publication  is  nearly  all  in 
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the  printer's  hands  and  it  will  be  completed  and  distributed  before  the  mid- 
dle of  February,  1891.  The  calls  for  full  sets  of  the  Messenger  continue  to 
come,  and  we  now  hope  to  fill  all  such  orders  during  the  month  of  March. 
The  prices  for  the  several  volumes  unbound  are  as  follows:  Volume  I, 
$5.00  (scarce);  II.  Ill,  IV,  V,  VI.  VII,  VIII,  $2.00  each:  IX,  X  and  later 
ones  each,  $3.00.    Prices  for  bound  volumes  on  application. 


The  appearance  of  a  new  periodical  devoted  to  Astronomy,  titled  The 
Journal  oi  the  British  Astronomical  Association,  is  a  welcome  visitor  at  our 
table.  Its  first  number  bears  date  October  1890,  and  has  the  familiar 
name  of  E.  W.  Maunder  as  editor.  This  number  contains  an  account  of  the 
general  meeting  of  the  Association  on  October  2-4,  the  list  of  officers  of  the 
Council,  rules  of  the  Association,  report  of  the  provisional  committee  and 
its  circulars,  two  excellent  papers,  one,  on  the  rotation  periods  of  the  plan- 
ets Mercury  and  Venus,  bj-  Miss  A.  M.  Gierke;  the  other,  on  the  chief  nebu- 
lar line,  by  E.  W.  Maunder.  These  are  followed  by  book  notices,  correspon- 
dence, and  'notes'  of  general  and  current  interest.  This  number  contains 
48  pages  and  clearh'  indicates  a  vigorous  beginning  for  the  new  association 
and  a  purpose  to  maintain  a  strong  journal  in  the  interest  of  Astronomy. 
The  memljership  of  the  Association  has  already  reached  350.  The  Mes- 
SENGEK  extends  hearty  congratulations. 


Copley  Medal  to  Professor  Newcomb.  The  Cojile.v  Medal  of  the  Roy- 
al Societ}',  London,  has  been  awarded  to  Professor  Simon  Newcomb,  Super- 
intendent of  the  American  Ephemeris,  Washington,  D.  C,  for  his  contribu- 
tions to  gravitational  astronomy-.  The  medal  was  first  given  by  the  Soci- 
et3'  in  1753,  to  Dr.  Benjamin  Franklin.  The  folfowing  named  persons,  re- 
spectively, have  received  this  honor  during  the  last  thirty  years: 


1860. 

K.  W.  Bunsen. 

1876. 

C.  Bernard. 

1861. 

L.  Agassiz. 

1877. 

J.  D.  Dana. 

1862. 

T.  Graham. 

1878. 

J.  B.  Boussingault. 

1863. 

A.  Sedgwick. 

1879. 

K.  J.  E.  Clausius. 

1864. 

C.  Darwin. 

1880. 

I.J.  Sylvester. 

1865. 

M.  C basics. 

1881. 

K.  A.Wurtz. 

1866. 

J.  Plucker. 

1882. 

A.  Cayley. 

1867. 

K.  E.  von  Baer. 

1883. 

Wni.  Tliompson. 

1868. 

C.  Wheatstonc. 

1884. 

C  Luchvig. 

1869. 

H.  V.  Kegnault. 

1885. 

A.  Kekule. 

1870. 

J.  K.Jonle. 

1886. 

F.  E.  Neumann. 

1871. 

J.  K.  Maver. 

1887. 

J.  D.  Hooker. 

1872. 

F.  Wiihlcr. 

1888. 

T.  II.  Huxley. 

1873. 

H.  L.  F.  Helmholtz. 

1889. 

G.  Salmon. 

1874. 

L.  I'nHtcur. 

1890. 

S.  NewcomI). 

1875. 

A.  W.  Hofmann. 

The  ninthematical  medalists  in  the  previous  years  have  been  ;  Waring, 
1784;  Ivory,  1814;  OauHS,  1838;  Sturm,  1841.  and  Cluisles.  Plucker,  Syl- 
ve»ter,  Cayley.  Thompson  and  Salmon  as  indicated  in  the  above  table. 

It  tiUo  givcR  UH  pIcnHurc  to  notice  in  the  Wushing^ton  Star,  Nov.  29, 
that  Professor  Newcomb  hnii  alHo  l)ccn  recently  reujcmbered  in  a  very 
Imnditomc  way  by  diHtinguiHhed  jterwons  and  institutions  in  fin'cign  lands. 
Tlic  I'nivcrjtity  of  Tokio,  Japan,  lias  presented  Iiiui   with   two  fine,  large 
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bronze  vases,  finished  specimens  of  Japanese  art,  in  recognition  of  his  aid  in 
selecting  a  suitable  person  to  construct  a  photo-heliograph  for  the  Univers- 
ity. 

A  present  from  Russia  by  order  of  the  Czar  is  also  tendered  to  Professor 
Newcomb  on  account  of  esteemed  services  rendered  in  procuring,  for  the 
government,  the  great  30-inch  telescope  a  few  3'ears  ago  mounted  at  Pulk- 
ow^a.  This  gift  is  a  large,  jasper  vase  on  a  marble  base.  Such  tokens  of  re- 
gard proffered  from  three  different  foreign  lands,  and  that  for  incidental 
scientific  services  onh',  show  well  the  rank  of  American  science  at  the  pres- 
ent time. 

Observations  of  Venus  near  Inferior  Conjunction  in  the  first  part   of 
December.    In  answer  to  your  request,  I  take  pleasure  in  sending  3'ou  my 
notes  concerning  the  close  conjunction  of  Venus  with  the  sun  in  the  first 
part  of  this  month. 

I  had  made  preparations  to  observe  the  conjunction,  but  a  spell  of  bad 
weather  set  in  on  the  1st  of  December  and  lasted  until  the  5th,  thus  com- 
pletely blotting  out  the  heavens  during  the  important  time.  However, 
what  few  notes  I  did  secure  may  be  of  interest. 

November  29.  The  crescent  is  very  thin.  The  southern  horn  extends 
farther  than  the  northern.    No  trace  of  the  dark  part  of  Venus. 

Dec.  1.  The  horns  extend  through  about  270°.  The  southern  cusp  can 
be  traced  much  farther  than  Uie  other,  and  is  much  more  slender. 

Dec.  2.  Cloudy. 

Dec.  3.  Cloudy. 

Dec.  4.  Cloudy. 

Dec.  5.  Sidereal  IGVa''.  Nearly  the  entire  circumference  is  visible;  at  least 
eight  or  nine-tenths  of  the  ring  of  light  is  distincth'  traceable.  At  times  the 
circle  apjieared  to  be  complete,  but  I  do  not  think  that  it  was  nearly  so.  No 
markings  of  any  kind  were  seen  either  in  the  crescent  or  on  the  dark  body  of 
Venus.  The  air  was,  as  usual  here  in  the  day,  verv  unsteady,  and  delicate 
details  would  have  been  lost.  The  body  of  the  planet  was  of  the  same 
depth  of  shade  as  the  sk}'  and  no  contrast  between  the  two  was  seen.  The 
observations  were  made  with  the  12-inch  equatorial  and  its  finder  (SH-in.) 
with  magnifying  powers  of  50  ±,  80  and  150. 

I  regret  exceedingly  the  unfortunate  storm  which  blotted  out  the  planet 
on  the  2d,  3d  and  4th  of  December,  for,  from  the  observations  of  the  5th, 
I  feel  certain  the  entire  circumierence  would  have  been  visible  on  the  4th. 

Mt.  Hamilton,  Dec.  12,  1890.  E.  E.  Barnard. 


Hough's  Catalogue  of  94  New  Double  Stars.  In  A.  N.  2977  will  be 
found  the  catalogue  of  94  new  double  stars  by  G.  W.  Hough,  Director  of 
Dearborn  Observatory,  Evanston,  111.  This  catalogue  contains  48  pairs 
having  a  distance  of  less  than  0".5,  a  larger  number  of  close  doubles  than 
we  remember  to  have  seen  in  an3-  other  similar  publication. 


Swift's  Ninth  Catalogue  of  New  Nebulse.  Dr.  Lewis  Swift  is  still  at 
work  in  finding  new  nebulae.  His  ninth  catalogue  of  100  new  nebulfe  will 
be  found  in  the  Astronomische  Nachrichten  No.  3004.  He  is  now  well 
started  on  the  tenth  catalogue  of  these  faint  objects. 
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Spectroscopy  at  the  Paris  Observatory.  M.  Deslandres  has  charge  of 
the  spectroscopic  section  recentW  created  at  the  Paris  Observatory',  and  in 
a  recent  number  of  the  Comptes  Rendus  an  account  is  given  of  the  instru- 
ments to  be  used  with  the  great  equatorial  whose  aperture  is  1.20  meters. 
The  difficulty  of  adjusting  a  star  to  the  slit  of  the  spectroscope  for  the  pur- 
pose of  photographing  the  spectrum  seems  to  be  niceh'  overcome.  To  do 
this  M.  Deslandres  has  arranged  a  total  reflecting  prism  near  the  dark  side 
so  that  the  red  end  of  the  spectrum  may  be  seen  while  the  blue  end  is  being 
photographed.  In  this  wa^'  he  has  obtained  many  photographs  of  stellar 
spectra  in  juxtaposition  with  comparison  spectra.  To  adjust  the  instru- 
ment for  observing  the  spectrum  of  a  star,  a  small  mirror  having  a  hole  in 
the  center,  about  the  same  diameter  as  the  length  of  the  slit,  has  been  fixed 
in  front  of  the  slit  at  an  inclination  of  45°.  The  image  of  the  star  is  thus 
reflected  to  the  side  of  the  instrument,  and,  after  another  reflection  reaches 
a  small  telescope  fixed  at  the  spectroscope.  The  telescope,  therefore,  gives 
the  image  of  a  star,  in  the  plane  of  the  slit,  and  constitutes  a  veritable 
finder  for  use  with  the  spectroscope. — Mature,  Oct.  30,  1890. 


.A  Jena  Glass  Visual  Objective  Used  as  a  Photographic  Lens.  I  have  a 
Jena  glass  objective  of  two  and  one-tenth  inches  aperture  and  thirtv-five 
inches  focal  length,  made  by  Brashear  for  visual  use,  which  gives  very  good 
photographic  images.  With  one  second  expwsure  the  image  of  Polaris  is 
less  than  0.002  inch  in  diameter;  with  ten  seconds'  exposure,  between 
0.003  and  0.004-  inch.  Equatorial  stars  of  the  6th  magnitude  give  trails 
less  than  0.001  inch  wide.  With  very  slight  magnifying  the  plates  bear 
measuring  to  within  five  seconds  of  arc.  J.  a.  p.vrkhurst. 

Marengo,  111. 

Report  of  Yale  University  Observatory.  The  last  report  ot  the  Observ- 
atory- of  Yale  IJniversitv  for  the  \-ear  1889-90  has  just  been  received.  It 
Ijears  date  of  June  18;  so  its  contents  are  rather  old.  It  was  then  said 
that  the  measures  of  Victoria  and  Sappho,  by  the  helioineter,  were  well 
kept  up,  and  recjuired  only  a  final  revision.  It  was  then  ])r()i)()scd  to  take 
again  the  observations  on  the  ])arallaxes  of  tiie  first  magnitude  stars  in  the 
northern  hemisphere,  with  the  intention  of  carrying  out  the  work  as  first 
planned.  Dr,  Klkin  thinks  that  the  advantages  of  the  heliometer  for  these 
bright  stars  arc  such  as  to  make  it  well  worth  while  to  pursue  the  investi- 
gation without  the  fear  of  being  imniedinti-ly  supphintcd  l)y  the  photo- 
graphic method  of  observation,  although  he  thinks  tlio  latter  method  will 
prove  certainly  8U{K'nor  for  all  but  the  very  brightest  stars. 

ProfrrcBa  of  Astronomy  in  1887  and  1888.  An  account  of  the  progress 
in  niitronomy  for  the  years  1HH7  and  1H88,  ns  prepared  by  William  C  Win- 
IrKrk,  SuiMrrintcndcnt  of  the  Ihircau  of  International  IJ.xchanges,' Smithson- 
ian luHtitution,  Wa»liingioti,  I).  C,  has  been  received.  It  is  a  pamphlet  of 
nlK)ut  90  pngcM,  and  cHsenlially  the  same  in  plan  and  form  as  its  eonipnn- 
ionii  of  IKHf*  and  IHHO.  It  is  a  very  general,  eoini)Mrt  and  useful  rcsitnte  of 
the  nutronomy  ol  those  two  years. 
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Saturn  and  Its  Rings  is  the  title  to  Appendix  II  of  Washington  Observ- 
ations of  1885.  It  contains  a  list  of  observations  of  Saturn  from  1875  to 
June  1,  1889,  by  Professor  Asaph  Hall  of  the  U.S.  Naval  Observatory, 
Washington,  D.  C.  By  this  study  Saturn's  rotation  time  is  found  to  lie  10'' 
14'"  23^8  ±  2". 30.  This  value  has  been  adopted  by  the  latest  and  best 
text-books  on  astronomy.  Protessor  Hall  si)eaks  of  the  anomalous  curva- 
ture of  the  outline  of  the  shadow  of  the  ball  on  the  rings  in  1876,  when  the 
convexity  of  it  appeared  to  be  turned  toward  the  planet,  contrary  to  what 
one  would  expect  from  geometrical  considerations.  In  1878  something  of 
this  kind  was  seen  at  Washington  after  the  reappearance  of  the  ring.  Pro- 
fessor Hall  thinks  that  this  appearance  seen  when  the  ring  was  very 
narrow,  arose  from  the  shortness  of  the  outline,  and  a  little  bluntness  in 
the  ends  of  the  shadow.  This  would  not  account  for  the  reversed  curva- 
ture of  the  shadow  as  observed  by  Aldro  Jenks  April  25,  1889,  an  account 
of  which  was  published  in  No.  86  of  The  Messe.nger.  Professor  Hall 
further  says:  "No  notch  has  ever  been  seen  in  the  outline  of  the  shadow." 
In  1851  Otto  Struve,  of  Pulkowa,  thought  that  the  dimension  of  Saturn'^ 
ring  was  undergoing  a  secular  change,  that  in  a  short  interval  of  about 
100  years  would  bring  its  inner  edge  in  contact  w^ith  the  planet.  This 
theory  has  been  adopted  by  Maxwell  and  Hirn  in  their  mechanical  investi- 
gations on  the  constitution  of  the  ring.  In  comparing  his  own  measures 
with  those  of  Bradley  in  1719  and  those  of  later  astronomers  Professor 
Hall  finds  that  there  is  apj)arcntly  no  change  in  the  dimension  of  the  Ring 
during  167  years. 

Following  these  notes  and  the  discussion  ot  them,  two  full  page  plates 
of  Saturn  are  found.  They  are  weak  and  disappoiniiii'j  rtnitsi-ntations 
of  what  is  known  of  the  details  of  Saturn's  surface 


The  Orbit  of  70  Ophiuchi.  With  reference  to  Mr.  Mann's  interesting 
article  on  binary  stars  in  The  Sidere.\l  Messenger  for  November  1890,  I 
computed  an  orbit  for  70  Ophiuchi  in  the  year  1888,  and  my  results  were 
published  in  the  Monthly  Notices  of  the  R.  A.  S.  for  March  of  that  year. 
The  elements  I  found  were  as  follows : 

P=87.8-tvears  s^  =:  120°    5' (1880.01 

T=  1807.65  A  ml  71°  45' 

e  =  0.4912  a  =  4".50 

r  =  58°  28' 
These  elements,  which  do  not  differ  much  from  Mr.  Mann's,  represent 
iill  the  measures  fairly  well  from  1802  to  1889.  A  diagram  of  the  apparent 
orbit,  drawn  to  scale,  will  be  fovmd  in  vny  "Scenery  of  the  Heavens,"  p.  193, 
and  also  in  Knowledge  for  August,  1890.  I  find,  as  Mr.  Mann  does,  that 
the  line  of  nodes  nearh'  coincides  with  the  projection  of  the  major  axis. 
My  elements  give  the  following  ephemeris: 

Date.  Position-Angle.  Distance. 

1890.50  334°. 08  2".03 

1891.50  325  .44  2   .13 

1892.50  317  .54  2   .22 

1893.50  310  .09  2   .28 

1894.50  302  .92  2   .30  , 

1895.49  295  .75  2   .27  (Pf/^^/agr 

Ballysodare,  Ireland,  Nov.  27.  1890.  J.  E.Gore. 
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Time  Service  and  the  U.  S.  Naval  Observatory.  A  person  who  well  un- 
derstands how  things  go  on  the  inside  of  the  United  States  Naval  Observa- 
tory, has  recently  written  us  pretty  fully  concerning  the  status  of  the  time 
question  and  the  attitude  of  those  whose  judgment  has  been  depended  on 
in  the  late  action  of  the  Secretary'  of  the  Navy.  The  information,  as  unfav- 
orable as  it  is  for  some,  is  doubtless  true  every  word  of  it,  for  it  is  only  a 
piece  of  what  has  been  developed  during  the  last  year,  and  shown  in  the 
papers  generally  to  the  utter  disgust  of  four-fifths  of  those  interested  in  as- 
tronomy. The  plan  suggested  bj'  this  friend  from  whom  w^e  have  not 
heard  before,  is  a  good  one,  and  there  is  more  hope  of  its  success  in  view  of 
the  marked  changes  in  political  power  now^  in  progress  than  possibly  could 
have  been  expected  under  existing  authorit3%  The  indications  are  not  only 
a  "stiff  breeze  from  the  northwest,"  but  a  ventilating  blizzard  from  every 
point  of  the  compass  to  give  Washington  a  little  healthful  airing. 


Annals  of  the  Harvard  College  Observatory,  Vol.  XXIV.  The  discus- 
sion of  the  measurements  made  with  the  Meridian  Photometer  during  the 
years  1882  to  1888  is  found  in  Vol.  XXIII  of  the  Annals.  The  principal  re- 
I  suits  obtained  will  be  found  in  the  present  volume.  The  stars  were  mainly 
selected  from  the  Durchmusterung  and  are  brighter  than  9.1  magnitude.  A 
further  collection  of  miscellaneous  objects  whose  brightness  is  derived  bj'^ 
photography  is  also  given.  The  total  number  of  measurements  in  the 
\vork  is  1,067,  and  the  separate  objects  observed  are  20,982;  four  photo- 
metric settings  were  made  on  each  object,  and  these  repeated  three  or  four 
times.  Total  number  of  settings  267,092.  The  aperture  of  the  telescope 
used  was  four  inches,  and  stars  of  the  ninth  magnitude  were,  of  course,  eas- 
\\y  observed,  and  the  measures  of  different  nights  are  accordant,  showing  a 
deviation  of  not  more  than  0.11  of  a  magnitude.  Professor  E.  C.  Picker- 
ing himself  made  about  two-thirds  of  the  measurements  and  Mr.  O.  C. 
Wendell  the  remainder. 

Vol.  XXI,  Pt.  2,  of  the  Annals  is  also  on  hand.  It  contains  the  investi- 
gations of  the  New  England  Meteorological  Society  for  the  year  1889. 

Vol.  XXX,  Pt.  1,  of  the  Annals  contains  observations  made  at  the 
Blue  Hill  Meteorological  Observatory  in  the  year  1889. 

Still  another  interesting  publication  from  the  same  source  is  the  His- 
tory of  the  Harvard  College  Observatory  during  the  period  1840  to  1890. 
This  was  jjrcjjared  by  Daniel  W.  Baker  and  ap])cars  in  neat  j)aniphlet  form 
as  a  reprint  from  the  Boston  Evening  Traveler.    It  is  fully  illustrated. 


The  Cordoba  Durchmusterung.  No.  230  of  the  Astronomical  Journal, 
BoHt<»n,  Mass.,  contains  an  account  of  the  work  at  Cordoba,  by  John  W. 
Thome,  Director  of  the  National  Observatory'  of  the  Argentine  Confedera- 
tion, on  the  Southern  Durchmusterung.  The  results  discussed  in  the  article 
arc  drawn  from  work  that  has  been  going  on  for  the  last  five  j'cars.  It  is 
|)erha|)s  gencrnlly  known  that  Schcinfeld's  great  work  reached  to  —  22°  in 
declination.  Mr.  Thome  haH  extended  this  star  survey  to  — 42°  in  declina- 
tion, making  more  than  a  million  of  observations  of  the  stars  in  this  inter- 
vening belt  of  20°,  where  such  useful  information  is  much  needed. 
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Theory  of  Moon's  Motion  has  again  been  under  discussion  of  late  by- 
John  N.  Stockwell  of  Cleveland,  Ohio,  and  G.  W.  Hill  of  Washington,  D.  C. 
The  articles  referred  to  will  be  found  in  the  Astronomical  Journal,  Xos.  220, 
226  and  231.  Mr.  Hill  criticises  Mr.  Stockwell's  method  of  computing  the 
secular  motion  of  the  moon's  perigee  in  two  particulars ;  (!)  he  claims  that 
the  differential  equation  of  the  motion  of  the  perigee  should  contain  no  in- 
stantaneous element ;  (2)  that  the  eccentricity'  of  the  earth's  orbit  should  be 
regarded  as  variable  in  developing  the  differential  equations  of  the  moon's 
motion.  Mr.  Stockwell  admits  that  the  first  point  of  criticism  is  well 
taken,  but  the  second  he  claims  is  not  good,  although  such  authorities  as 
Professor  Adams  and  Delaunay  have  previously  reached  the  same  conclu- 
sions b}'  different  methods  as  that  supported  by  Mr.  Hill.  The  weight  of 
authority  is  certainly  against  Mr.  Stockwell,  yet  we  shall  look  with  inter- 
est for  the  results  of  his  further  study  of  this  particular  phase  of  this  intri- 
cate problem. 

Photographic  Notes.  The  great  importance  now  attached  to  the  photo- 
graphic method  in  astronomical  research  is  markedly  shown  in  the  proceed- 
ings of  the  meeting  of  the  Royal  Astronomical  Society  as  reported  in  the 
December  Observatory.  Mr.  McLean's  paper  on  High  Sun  and  Low  Sun 
Spectra  was  accompanied  by  a  series  of  parallel  photographs.  This  pajjer 
gives  the  ortho-chromatic  mechod  for  obtaining  such  pictures.  Mr.  Higgs 
presented  photographs  of  the  A  line  in  the  solar  spectrum.  Mr.  Russell's 
pajTcr  was  on  celestial  photographs  taken  at  the  Sydney  Observatory. 
Pictures  taken  by  Professor  Pritchard  with  his  photographic  charting  tele- 
scope were  received  by  the  society.  In  regard  to  this  instrument  the  follow- 
ing statement  is  made:  "One  of  the  tests  adopted  was  to  expose  a  plate  to 
the  sky  for  three  minutes.  Professor  Pritchard  then  stopj^ed  the  clock  and 
removed  the  plate ;  afterwards  he  replaced  the  plate,  brought  the  guiding 
star  to  the  cross-wires,  and  made  a  second  exposure.  The  two  images  coin- 
cided perfectly,  and  there  is  nothing  to  show  that  two  exposures  were 
given.  Professor  Pritchard  also  sjjcaks  in  the  highest  terms  of  the  reticule, 
and  of  his  apparatus  for  measuring  the  size  of  star  discs."  Attention  was 
also  called  to  the  photogra])hic  research  made  at  the  Lick  Observatory  by- 
Professor  Holden  for  the  determination  of  the  parallaxes  of  stars.  Mr. 
Fowler  stated  that  a  photographic  stud\'  of  stellar  spectra  had  been  com- 
menced at  South  Kensington^mder  the  direction  of  Professor  Lockj-er,  and 
that  one  of  the  first  results  obtained  was  the  discovery  that  a  Lyrae  is  a 
binary  star  of  the  /?  Aurigae  type.  The  method  by  which  this  discovery  was 
made  is  described  in  the  same  paper. 

Oscillation  of  the  Earth's  Axis.  The  London  Mail  for  Nov.  26,  1890, 
has  a  brief  article  to  the  effect  that  Professor  Alfred  Kirchoff  of  Halle,  has 
published  a  paper  in  the  Saale  Zeitung,  on  the  great  interest  that  scientific 
men  looked  forward  to  the  autumn  meeting  of  the  International  Conference 
on  Degree  Measurement,  which  was  latel}' held  at  Freiburg.  It  had  been  re- 
ported that  a  series  of  simultaneous  observations  carried  on  at  Berlin, 
Strasburg  and  Prague  went  to  show  that  a  decrease  in  latitude  was  in 
progress  apparently  in  middle  Europe,  and  further  reports  from  other  ob- 
servatories showed  that  a  similar  phenomenon  had  been  noted  in  other 


48  The  Sidereal  Messenger. 

places  in  Europe.  This  seemed  to  imply  that  a  change  was  going  on,  in  the 
direction  of  the  earth's  axis,  amounting  to  a  decrease  of  latitude  at  the  end 
of  the  six  months'  period  from  Aug.  1889,  to  Feb.  1890,  of  one-hcilf  of  a 
second  of  arc.  But  it  was  reported  to  the  conference  that  the  Berlin  ob- 
servations for  the  half  \'ear  ending  last  .\ugust  showed  an  increase  of  lati- 
tude amounting  to  two-fifths  of  a  second.  The  question  raised  then  is: 
Are  there  fluctuations  of  the  earth's  axis  within  the  ball  that  will  account 
for  the  changes  of  latitude  observed  wholly  or  in  part  ?  Or  must  astrono- 
mers find  the  explanation  in  other  causes  ?  Some  American  observatories 
Avill  take  part  in  the  studv  of  this  important  question  soon,  and  simultan- 
eous observations  in  the  Prime  Vertical  will  be  taken  by  differetit  'oijserva- 
tories  on  or  near  the  same  parallel  of  latitude,  but  having  as  great  a  difler- 
ence  of  lonsritude  as  six  hours. 


Dr.  J.  G.  Gallc.  Director  of  the  Observatory  at  Brcslau,  has  recently 
kindly  favored  the  Observatory  Library  of  Carleton  College  with  a  number 
of  publications  prepared  at  Breslau  since  1875. 


BOOK  NOTICE. 


The  Meteoric  Hypothesis :    A  Statement  of  the  results  of  a  Spectroscojiic 

Inquiry  into  the  Origin  of  Cosmical  Systems.     By  J.  Norman  Lockyer, 

F.  K.  S.     Messrs.  Alacmillan  &  Co.,  London  and  New  York.     pp.  560. 

Price  $5.25. 

This  volume  is  probabh-  the  most  valuable  one  that  has  come  from  the 
ready  pen  of  Mr.  Lockyer.  The  object  of  it  is  to  bring  together  and  coordi- 
nate the  observations  that  have  been  made  u])  to  the  ])rcsent  time,  on  the 
spectra  of  the  various  orders  of  cosmical  bodies  in  connection  with  labora- 
tory work  since  1868,  and  naturally  follows  the  researches  made  by  Mr. 
Lockyer  relating  to  the  origin  of  many  solar  jihenomena  as  dependent  on 
the  fall  of  meteoric  masses  on  the  sun's  surface.  His  investigations  in  this 
direction  were  published  in  1887  in  a  book  called  Tlie  Chemistry  of'the  Siiti. 
In  this  volume  the  claim  is  made  that  the  photographic  study  of  nebular 
spectra  has  raised,  so  lar,  no  new  point  of  theoretical  importance,  and  so  it 
has  been  thought  best  not  to  delay  its  publication  for  detailed  answer  to 
objections  that  do  not  refer  to  the  new  liyi)()tliesis  as  a  whole,  but  onlv 
touch  it  incidentally,  or  in  tninor  detail.  Tlie  author  welcomes  thorough 
and  comjietent  criticism  .'ind  believes  his  hypothesis  will  be  improved  by  nil 
such  thorough  tests.  As  much  is  being  said  and  will  be  said  in  Thk  Mksskx- 
r.KK  about  this  new  theory  we  will  now  give  only  a  brief  outline  of  the  book. 
It  is  divided  into  nine  i)arts.  Part  I  has  to  do  with  the  fall  and  nature  of 
meteorites  (1 )  a  general  record,  the  ph\'sical  characteristics  and  the  chemis- 
try of  these  bodies. 

Part  II  deals  with  the  si)cctroscopy  of  meteorites  by  studying  the  spec- 
tra of  metaln  fcnmd  in  them  and  of  gases  oci-lndcd  in  them. 

Part  HI  treats  of  meteorites  in  tlieair;  the  i<Ientity  of  origin  of  luminous 
meteors  nnd  falling  stars  with  meteorites;  the  Aurora  a  i)henomenon  pro- 
duced by  the  dust  of  meteors  and  falling  stars,  and  the  traces  of  meteoric 
<luMl  in  deep  oceans. 

Part  IV'  is  upon  meteorites  in  the  solar  system,  those  which  travel 
around  the  sun;  demonstration  of  the  cosmical  hypotlusis;  these  meteor 
•warms  on  cornels;  what  the  appe.-irances  of  comets  are  when  near  and  far 
from  the  sun,  and  the  forces  which  produce  the  various  forms  of  eometary 
swnnn*.  The  siH-ctt-oscopy  of  comets  and  the  origin  of  eometary  phenoni- 
cna. 

Part  Vjtrescnts  meteors  insp.'ice,  treatingof  the  nebidae  and  of  the  stars. 

Part  VI  gives  the  propcjscd  new  grouping  of  cosmicil  bodies  in  seven 

duMSCN, 

Part  VII  i*  on  the  orljfin  of  hinnrv  and  multi|)le  systems. 

Part  VIII,  on  the  vanability  of  light  and  color  o(\'osmical  bodies;  and 

Part  IX,  the  general  conchisions,  followed  by  appendices  and  an  index. 
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ON  WOLF  AND  RAYET'S  BRIGHT-LINE  STARS  IN   CYGNUS. 


WILLIAM  HUGGINS  D.  C.  L.,  LL.  D..  F.  R.  S.,  AND  MRS.    HUGGINS. 

In  1867  MM.  Wolf  and  Rayet  discovered  at  the  Paris  Ob- 
servatory three  small  stars  in  Cygnus,  which  in  the  spectro- 
scope showed  several  bright  lines  upon  a  continuous  spec- 
trum.* All  three  stars  have  a  very  bright  band  in  the  blue 
part  of  the  spectrum. 
These  stars  are : — 

B.D. +  35°,  No.  4001. 
B.D.  +  35°,  No.  4013. 
B.D.  +  36°,  No.  3956. 

Their  spectra  were  described  in  1873,  by  Vogel,  whose  ob- 
servations agree  substantially  with  the  original  description 
given  by  Wolf  and  Rayet. t  A  more  complete  account  of 
their  spectra  was  given  by  Vogel  in  1883,  from  observations 
at  Vienna  with  the  27-inch  refractor  made  by  Sir  Howard 
Grubb.l 

Vogel's  measures  of  the  bright  blue  band  place  it  in  the 
star  No.  3956  at  from  A  468  to  -i  461,  with  a  maximum  at 
)■  464;  in  the  star  No.  4013  with  a  maximum  at  the  same 
place  in  the  spectrum ;  while  the  corresponding  blue  band  in 
the  star  No.  4001  has  a  considerably  less  refrangible  posi- 
tion, commencing  at  /  470,  reaching  a  maximum  at  /  468, 
and  ending  about  /  465. 

These  later  measures,  though  they  differ  from  his  earlier 
ones,  in  so  far  as  they  show  that  the  blue  band  has  not  an 
identical  position  in  all  three  stars,  nevertheless  support 
substantially  his  earlier  observations,  which  Vogel  con- 
sidered to  show,  contrarj'  to  the  statements  of  Secchi,  that 


*  'Comptes  Rendus,'  vol.  65,  1867,  p.  292. 

t  'Berichte  K.  Sachs.  Ges.  der  Wiss.,'  Dec.  1873,  p.  556. 

t  '  Publicationen  Astrophj'S.  Obs.  Potsdam,'  vol.  4,  No.  14,  pp.  17-21. 
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the  bright  Hnes,  including  the  blue  band,  were  not  due  to 
carbon. 

In  the  diagram,  Nos.  1,  2,  and  3  show  the  positions  of  the 
bright  bands  in  the  three  stars,  according  to  Yogel's  meas- 
ures, relatively  to  the  blue  band  of  the  hydrocarbon  flame. 

-MO    461     46i     463     464-    46?    466     467     46»    469     ^70    4-7(     4Z*    473     'ff^■     -vrf 
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Vogel's  measures  are  :— 

BcKimiinj;  of         UriKlitcst  lind  of 

the  band.  part.  thebatwl. 

Star  No.  4001 /  470     /  468     /.  4G5 

'•   4013 —      /I  464     — 

3956 /.  468  /  464  A  461 

His  diagram  shows  the  band  in  No.  4013  to  begin  and  end 
at  about  the  same  positions  as  in  the  star  3956. 

It  has  been  stated  recently,  that  the  bright  l)lue  band  in 
all  three  stars  is  the  carbon  band  in  the  blue  commencing 
near  A  474*;  and  more  recently,  notwithstanding  the  difTer- 
ence  of  position,  according  to  Vogel,  of  the  band  in  one  of 

•  '  Profwior  Lockycr,  in  the  liakcriaii  Lecture  for  1HH8  (Kl)y.  Sue. 
Proc.,  vol.  44,  p.  B7),  !»ny«  of  the  stnr  No.  4-()0l :— "  Tlie  bright  hand  with 
it*  maximum  at  >l  4<JH  ih  tlie  hriKlit  cnrlion  MutiuK  loinmeiiting  at  X  474 
and  cxtcndin>{  towardM  tlie  l)hie,  with  its  maximum  at  M\H,  as  i)hoto 
graphed  at  KcnvinKton." 
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the  stars  from  that  which  it  occupies  in  the  other  two  of  as 
much  as  /  0040,  that  direct  comparisons  showed  an  abso- 
lute coincidence  of  the  band  in  all  three  stars  with  the  blue 
band  of  a  spirit-lamp  flame.* 

As  the  presence  or  absence  of  carbon  in  these  stars,  as 
shown  by  the  coincidence  or  otherwise  of  the  blue  band  with 
that  of  the  hydro-carbon  flame,  was  of  great  importance  to 
us  in  connection  with  a  wider  investigation  on  which  we  are 
at  work,  we  thought  it  necessary,  after  these  recent  state- 
ments as  to  the  position  of  the  band,  to  make  direct  com- 
parisons of  the  spectra  of  these  stars  with  that  of  the  hy- 
drocarbon flame  under  sufficiently  large  dispersion  to  enable 
us  to  determine  whether  Vogel's  measures  are  substantiallv 
correct,  or  whether  they  are  so  largely  in  error  as  the  abso- 
lute coincidence  of  the  band  with  the  blue  band  of  a  spirit- 
lamp  flame  in  the  case  of  all  three  stars  would  show  them 
to  be. 

The  obvious  importance  of  making  the  observations  with 
sufficient  dispersion  is  supported  by  Vogel's  own  experience. 
With  the  small  dis])ersion  which  he  employed  in  his  earlier 

Of  the  Stat  4-()13  :— •'  Tlie  bright  band  in  the  blue  at  -iTS  is  most  jjroba- 
bly  the  carbon  l)and  bright  upon  a  faint  continuous  spectrum,  this  produc- 
ing the  absorption  from  486  to  4-73  "  {loc.  cit.  p.  41). 

Of  the  star  No.  3956:— -"The  bright  band  at  4-70  is  the  carbon  band  in 
the  blue,  commencing  at  4-74,  with  its  maximutn  at  about  468.  as  observed 
and  photographed  at  Kensington"  {loc.  cit.  p.  43).  See  Vogel's  measures 
for  the  band  in  this  star,  which  are  given  in  the  text. 

Diagrams  of  the  spectra  of  these  stars  are  given  at  pp.  38,  40  and  41 . 
leased  on  Vogel's  observations  and  his  curves,  which,  on  a  slightlv  reduced 
scale,  are  placed  at  the  bottom  of  the  diagrams.  The  maximum  of  Vogel's 
curves  is  placed  in  all  three  diagrams  at  /  468,  and  agrees  in  the  diagrams 
with  the  carbon  band,  whereas  Vogel's  original  curves  and  his  measures 
place  the  maximum  in  the  case  of  two  of  the  stars  at  A  464,  bevond  the 
carbon  bands. 

*  Professor  Lockyer,  in  a  signed  article  in  'Nature'  (August  7,  1890, 
vol.  42.  p.  344),  writes: — 

"In  the  Bakerian  Lecture  for  1888  I  gave  a  complete  discussion  of  the 
spectra  of  bright-lined  stars,  as  far  as  the  observations  went,  and  the  con- 
clusion arrived  at  was  that  they  were  nothing  more  than  swarms  of  mete- 
orites a  little  more  condensed  than  those  which  we  know  as  nebula.  The 
main  argument  in  favor  of  this  conclusion  was  the  presence  of  the  bright 
fluting  of  carbon  which  extends  from  468  to  474.  This  standing  out 
bright  beyond  their  short  continuous  spectrum  gives  rise  to  an  apparent 
absorption  band  in  the  blue.  .  .  .  Direct  comparisons  of  the  spectrum 
of  all  the  three  stars  in  Cygnus  with  the  flame  of  a  spirit-lamp  have  been 
made  by  Mr.  Fowler,  and  these  showed  an  absolute  coincidence  of  the 
bright  band  in  the  stars  with  the  blue  band  of  carbon  seen  in  the  flame. 
It  was  found  quite  easy  to  get  the  narrow  spectrum  of  the  star  super- 
posed upon  the  broader  spectrum  of  the  flame  so  that  both  could  be  ob- 
observed  simultaneouslv." 
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observations  in  1873,  he  did  not  detect  the  large  difference  of 
position,  about  /  0040,  of  the  band  in  No,  4001 ,  as  com- 
pared with  its  position  in  the  other  two  stars.  On  this 
point  Yogel  says,  in  his  memoir  of  1883 : — "  Etwas  abweich- 
end  ist  nur  die  Auffassung  der  Lage  der  breiten  hellen  Bande 
im  Blau,  die  bei  den  friiheren  Messungen  bei  alien  drei 
Sternen  iibereinstimmt.  .  .  .  Bei  den  verhaltnissmassig 
geringen  optischen  Hulfsmitteln,  mit  denen  jene  Messungen 
ausgefiihrt  wurden,  ist  die  Uebereinstimmung  aber  eine  ganz 
iiberraschande  "  [loc.  cit.,  p.  21.) 

We  observed  the  spectra  of  the  stars  successively,  first 
with  a  direct  vision  prism  of  small  dispersion,  then  with  a 
spectroscope  (A)  containing  one  prism  of  60°,  and  finally 
with  a  spectroscope  (B)  with  two  compound  prisms,  equal 
to  about  four  prisms  of  60°;  with  the  last-named  instru- 
ment the  comparisons  with  the  hydrocarbon  flame  were 
made. 

A  rapid  preliminary  comparison  in  the  spectroscope  (B)  of 
the  spectra  of  the  three  stars  with  the  blue  base  of  a  Bunsen 
flame  showed  at  once  the  substantial  accuracy  of  Yogel's 
measures, ^and  the  striking  difference  of  position  of  the  band 
in  the  star  No.  4001  from  that  which  it  holds  in  the  other 
two  stars. 

The  obvious  want  of  agreement  of  the  star  bands  with 
the  blue  band  of  the  Bunsen  flame  was  seen  at  once.  Their 
relative  positions  appeared  to  agree  substantially  with  the 
positions  represented  in  No.  2  and  No.  3  of  the  diagram, 
which  are  based  on  Vogcl's  measures.  More  careful  and  re- 
peated observations  brought  out  clearly,  as  is  indeed  shown 
by  Vogel's  curve,  that  the  star  bands  differ  in  character  as 
well  as  in  position  from  the  blue  band  of  the  hydrocarbon 
flame,  and  also  in  some  respects  from  each  other. 

Before  giving  in  more  detail  the  results  of  our  observation 
on  each  of  the  three  stars,  it  should  be  stated  that  in  all  the 
stars  the  continuous  spectrum  is  not  in  our  instruments  a 
short  one,  ending  before  the  position  of  the  bright  blue 
band  is  reached.  On  the  contrary,  an  examination  with  all 
three  spectroscopes  showed  that  the  continuous  spectrum, 
though  enfeebled  by  absorption  a  little  before  reaching  the 
blue  band,  can  be  traced,  as  is  shown  in  Vogel's  curves, 
quite  up  to  the  band,  and  indeed  extends  for  a  long  distance 
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into  the  violet  beyond  the  blue  band.  The  blue  band  does 
no,t  in  our  instruments  stand  out  bright  beyond  the  end  of  a 
short  continuous  spectrum,  but  falls  upon  a  fairly  luminous 
•continuous  spectrum,  which  can  be  traced  past  the  blue 
band  into  the  violet,  apparently  as  far  as  the  eye  could  be 
•expected  to  follow  it. 

We  suspected  bright  lines  or  bands  in  the  region  more  re- 
frangible than  the  blue  band,  but  in  such  faint  objects  this  is 
a  point  which  should  be  determined  by  photography. 

Professor  E.  C.  Pickering  has  since  kindly  informed  us 
that  his  photographs  of  the  star  No.  4001,  which  extend  in- 
to the  ultra-violet  region,  show  beyond  the  blue  band  the 
bright  hydrogen  lines  at  434,  410,  397  and  389 ;  and  also 
other  bright  lines  at  462,  455,  420,  406,  402.  395  and  388. 

In  his  photographs  of  the  stars  4013  and  3956,  however, 
the  only  well-marked  line  is  in  the  blue  at  470. 

Star  4001. — In  this  star,  as  is  shown  by  Vogel's  measures 
and  curve,  the  briglit  blue  band  is  less  refrangible  than  in 
the  other  two  stars,  and  approaches  therefore  nearer  to  the 
position  of  the  blue  band  of  the  hydrocarbon  flame.  The 
appearance  and  position  of  the  band  in  the  star  as  con- 
trasted with  that  of  carbon,  when  observed  in  spectroscope 
B,  are  represented  in  spectrum  No.  4  of  the  diagram. 

The  brightest  part  of  the  band,  from  about  /  468  to  /  469, 
falls  off  rather  suddenly  in  brightness  at  about  these  wave- 
lengths, but  can  be  traced  toward  the  led  as  far  as  about 
>i  471.5,  and  as  far  in  the  blue  as  about  /  465.5. 

In  our  observation  of  this  and  the  other  stars  we  did  not 
attempt  micrometric  measures  of  the  blue  band,  but  we  esti- 
mated their  positions  by  means  of  the  intervals  between  the 
five  flutings  of  the  band  of  the  Bunsen  flaqae.  In  the  case  of 
objects  so  faint  in  our  instrument  when  viewed  under  the 
•dispersion  of  spectroscope  B,  we  did  not  consider  there 
would  be  any  real  gain  of  accuracy  b\'  attempting  to  take 
measures. 

Though  the  wave-lengths  assigned  to  our  positions  must 
therefore  be  regarded  as  not  more  than  approximateh'  cor- 
rect, we  have  no  hesitation  in  considering  them  fully  accu- 
rate enough  for  the  purpose  of  our  investigation. 

The  star  band  is  not  split  up  into  well-separated  maxima, 
as  is  the  Bunsen  flame  band,  but  we  have  little  doubt  that 
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the  brightest  part  of  the  band,  from  A  468  to  /  469,  which  is^ 
much,  and  rather  suddenly,  brighter  than  its  beginning  and 
termination,  consists  of  bright  lines.  Lines  appear  to  flash 
out  at  moments,  but  in  our  instruments  they  cannot  be  seen 
with  sufficient  steadiness  for  us  to  be  sure  of  their  number 
and  position. 

Under  certain  conditions  of  the  electric  discharge,  the  nor- 
mal relative  brightness  of  the  component  flutings  of  the  blue 
hydrocarbon  band  has  been  observed  to  be  so  far  changed 
that  the  position  of  maximum  intensity  is  moved  from  the 
less  refrangible  end  of  the  band  towards  the  blue  end ;  but 
the  five  flutings  remain  without  any  change  of  their  position 
in  the  spectrum.* 

Dr.  Hasselberg,  by  means  of  feeble  disruptive  discharges 
from  tinfoil  terminals  placed  outside  an  exhausted  tube  con- 
taining vapor  of  benzole,  obtained  a  nearly  pure  spectrum  of 
the  order  of  that  in  a  hydrocarbon  flame  mixed  only  with 
faint  lines  of  hydrogen.  He  says:  "  Es  war  aber  hier  die 
violette  Gruppe  sehr  schvvach.  Dagegen  schein  mir  die  blaue 
Gruppe  relativ  heller  als  im  Flammenspectrum,  und  sie  hatte 
ausserdem  entschieden  ihre  grosste  Intensitat  nicht  an  der 
weniger  brechbaren  Kante,  sondern  mehr  nach  dem  Violet- 
tenhin,  Dasselbe  schien  mir  auch  mit  der  gelben  Gruppe  der 
Fall  zu  sein.  In  Bezug  auf  die  grime  Gruppe  konnte  ich  aber 
keine  Verschiebung  des  Intensitiitsmaximums  bemerken." 

Dr.  Hasselberg  gives  curves  to  show  the  amount  of  this 
change  of  intensity  in  the  blue  grou])  and  in  the  orange 
group.  In  the  blue  group  the  maximum  is  moved  from  the 
first  to  the  third  line,  that  is,  about  /  4698.  His  curve  gives 
the  brightness  of  the  maximum  over  that  of  the  first  lines  as 
about  7  to  6,  whereas  the  normal  relative  intensity  of  these 
two  lines  is  in  tWe  inverse  direction  and  as  about  2  to  4 
(Watts,  'Index  of  Spectra,'  p.  30).|- 

•  It  is  ncccsHary  to  state  that  tlic  niaxiniuin  Imniiiositv  riftlic  blue  IhmuI. 
under  sonic  cjinditions,  is  about  4<»H.  .  .  .  The  coudilions  under  which  this 
band  hjis  its  niaxiniuni  huninosity  at  4-(>H  in  (Teissier  tubes  seem  to  l)e  those 
of  Tnaximnni  coinhietivity.  K  the  jjressure  be  lii^jl),  all  the  uuMubers  of  the 
^rotip  ure  Hharp,  and  the  biniinosity  of  the  band  is  almost  uniloi'm  throu^li- 
out.  This  always  oeeins  when  the  jnessure  is  very  low.  At  inlenuediate 
ntnjjcs  of  pressure,  however,  the  Imniiiosity  has  a  very  deeided  maxinuim  nl 
:ib<Mit  4-«)H"  (Ap|K-ndix  to  the  Malurian  Lecture  lor  lisKM,  '  Rov,  Soe.  rroe.,' 
vol,  +.'..  pp.  107.  1«H). 

t  '  Mifm.  <Ie  I'Acnd.  Imp.  den  Scienees  de  St.  I'elersbi)iu%','  vol.  22,  No.  2. 

1  HHO     1,     H'J 
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A  similar  change  from  the  normal  relation  of  brightness  of 
the  flutings  within  the  band,  even  if  removed  to  /  468,  does 
not  seem  to  us  to  bring  the  star  band  sufficiently  into  ac- 
cordance in  character  and  position  with  those  of  the  band 
of  the  hydrocarbon  flame  to  justify  us  in  attributing  the 
blue  band  in  the  star  to  carbon.  Though  we  traced  the 
band  a  little  further  towards  the  red,  than  the  position  of 
the  beginning  of  the  band  giv^en  by  Vogel's  measures,  yet  it 
is  very  faint,  and  without  any  increase  in  brightness  at  the 
place  of  the  second  fluting  of  the  carbon  band,  beyond  which 
we  were  unable  to  see  it. 

According  to  Hasselburg's  curve,  the  second  bright  fluting, 
where  in  our  instruments  the  star  band  ends,  still  retains  a 
brightness  of  about  \\  of  that  of  the  maximum,  and  the  first 
line,  at  the  position  of  which  no  brightening  of  the  feeble 
continuous  spectrum  of  the  star  could  be  detected,  a  bright- 
ness of  about  ^  of  that  of  the  maximum.  That  the  flutings 
of  the  band  were  not  obscured  by  the  absorption  band  at 
this  part  of  the  spectrum  appears  clear  from  the  circum- 
stance that  we  could  trace  the  faint  continuous  spectrum  up 
to  the  bright  band. 

Vogel's  and  our  observations  agree  in  making  the  band 
run  on  some  distance  beyond  the  visible  tern'.ination  of  the 
blue  band  of  the  Bunsen  flame.  Piazzi  Smyth,  under  some 
conditions,  observed  a  large  number  of  faint  "linelets,"  be- 
yond the  "5th  leader"  of  the  band,  where  its  visibility  usu- 
ally ends ;  and  in  the  brilliant  light  of  the  arc  the  band  can 
be  traced  further  in  the  blue.  The  extension  of  the  band  un- 
der such  circumstances  does  not  seem  to  us  to  affect  our  pre- 
sent argument;  for  in  the  very  feeble  light  of  the  star  we 
may  surely  take  it  that  the  carbon  band,  if  present,  could 
not  be  seen,  to  extend  further  than  its  usual  visible  limit  in  a 
Bunsen  flame,  namely  about  /  4G8. 

Perhaps  it  should  be  stated  in  connection  with  the  circum- 
stance that  we  saw  the  band  extend  a  little  further  towards 
the  red  than  Vogel  did,  that  at  the  time  of  our  observations 
the  hj'drogen  line  at  F  was  not  visible  in  our  instruments, 
whereas  it  was  bright  at  the  time  when  Vogel  observed  the 
star.  In  the  spectrum  of  a  similar  star,  D.  M.  +  37'  3821, 
in  which  the  hydrogen  line  at  F  at  the  time  was  bright,  the 
blue  band  was  seen  by  us  to  stop  near  the  place  given  by 
Vosrel  in  his  measures  of  the  star  No.  4001. 
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Not  only  is  there  no  coincidence,  so  far  as  Vogel  and  we 
have  observed,  of  the  position  of  the  band  in  the  star  with 
that  of  the  blue  band  of  the  Bunsen  flame ;  but,  further,  the 
want  of  accordance  of  its  general  characters  is  so  great  as 
to  make  the  view  that  its  origin  is  carbon  very  improbable. 
This  improbability  is  very  greatly  increased  when  we  find, 
as  will  be  shown  presentl3',  that  no  traces  whatever  of  the 
very  bright  beginnings  of  the  more  brilliant  green  and 
orange  bands  could  be  detected  by  us  in  any  of  the  stars. 
Further,  Professor  E.  C.  Pickering  has  kindly  sent  to  us  an 
account  of  his  photographs  of  this  star,  which,  though  they 
show  the  hydrogen  line  at  /  434,  do  not  exhibit  any  bright- 
ness at  the  positions  of  the  indigo  hydrocarbon  bands,  be- 
ginning near  4312,  and  /  4382. 

This  star,  however,  can  scarcely  be  taken  by  itself;  in  the 
case  of  the  other  two  stars,  in  the  spectra  of  which,  accord- 
ing to  Vogel's,  Copeland's,  and  our  own  observations,  the 
brightest  part  of  the  blue  band  is  from  A  464  to  A  465,  but 
nearer/  465,  quite  outside  the  ordinary  visible  limit  of  the 
carbon  band,  the  evidence  seems  very  strong  indeed  that  the 
band  does  not  owe  its  origin  to  carbon. 

We  satisfied  ourselves  that  when  the  spectrum  of  the  star 
is  examined  under  the  dispersion  of  spectroscope  B,  none  of 
the  brighter  parts  of  its  spectrum  fell  at,  or  very  near,  the 
green,  orange,  and  indigo  flutings  of  the  hj'drocarbon  flame 
spectrum;  at  these  positions  we  were  unable  to  detect  any 
sensible  brightening  of  the  star's  spectrum.  Professor  Cope- 
land's  measure  of  the  blue  band  in  1884  was  )•  469.5. 

No.  4013. — Vogel  does  not  give  measures  of  the  beginning 
and  the  ending  of  the  band  in  tiiis  star,  but  only  of  the 
brightest  part :— "  Hellste  Stelle,  nahezu  Mitte,  einer  breiten 
verwaschenen  Bande,  A  464."  He  gives,  however,  a  dia- 
gram of  the  si)ectrum  in  which  the  bright  blue  band  is  repre- 
sented as  substantially'  coincident  in  position  and  in  general 
character  with  that  in  the  spectrum  of  No.  3956. 

Our  observations  agree  substantially  with  those  of  Vogel, 
but  they  make  the  band  to  consist  of  two  parts,  a  very 
bright  part,  from  about  A  466  to  A  464,  but  brightest  near 
/  465;  and  a  very  faint  band,  apparently  detached  from  the 
bright  one  from  about  /  4685  to  about  /  4705.  This  faint 
hand  is  brightest  near  where  it  ends  rather  tibruptly  at  the 
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more  refrangible  end.  The  very  bright  band  has  not  the 
character  of  a  fluting,  nor  is  it  broken  up  into  maxima 
widely  separated  like  those  of  the  Bunsen  flame  band,  but 
appears  to  be  a  group  of  bright  lines.  The  lines  were  only 
glimpsed  at  moments;  it  is  therefore  difficult  to  m^ke  a 
drawing  which  trulj-  represents  the  character  of  the  band  as 
seen  in  our  instruments.  The  band  which  is  shown  at  No.  5 
of  the  diagram  is  left  unfinished  at  the  more  refrangible  end, 
as  we  were  not  certain  how  far  we  ought  to  consider  it  to 
extend. 

In  this  star  (as  we  shall  show  to  be  the  case  in  No.  3956 
also),  the  great  body  of  bright  radiation  lies  far  beyond  the 
ordinary  visible  limit  of  the  blue  carbon  band,  and  no  con- 
nection whatever  with  carbon  is  even  suggested  to  us  by  the 
star's  spectrum.  Dr.  Copeland's  measure  of  the  band  in 
1884  was  X  465.4. 

The  continuous  spectrum  of  the  star  is  unequally  bright 
from  the  presence  of  bright  groups  and  also  apparently  of 
absorption  bands  or  lines,  and  therefore  with  small  disper- 
sion it  might  be  easily  supposed  that  the  spectrum  is 
brighter  at  the  position  of  the  green  carbon  band.  We  ex- 
amined the  continuous  spectrum  repeatedly  with  great  care, 
and  we  were  able  to  satisfy  ourselves  that,  under  the  .con- 
siderable dispersion  of  our  instruments,  there  was  na  sensi- 
ble brightening  of  the  spectrum  at  the  positions  of  the  green 
and  of  the  orange  bands  of  the  Bunsen  flame. 

No.  3956. — Vogel  places  the  brightest  part  of  the  band  in 
this  star  at  the  same  position  in  the  spectrum  as  in  the  star 
last  considered.  No.  4013,  namely,  at  /  464,  a  position  be- 
yond the  carbon  band.  The  position  of  the  band  as  it  ap- 
peared in  spectroscope  B  with  the  third  eye-piece,  is  repre- 
sented at  No,  6  in  the  diagram.  The  position  of  the  band 
relatively  to  that  of  the  Bunsen  flame  was  determined  by 
estimations  made  by  means  of  the  intervals  between  the 
bright  flutings  of  the  Bimsen  band.  The  position  agrees 
substantially  with  that  given  by  Vogel,  but  places  the  max- 
imum brightness  nearer  to  465.  This  bright  part  probably 
consists  of  a  group  of  bright  lines  and  falls  off"  rather  sud- 
denly at  both  ends.  We  were  not  certain  if  the  light  beyond 
this  bright  part  was  due  to  a  continuation  of  the  band  or 
to  continuous  spectrum,   more  or  less  dimmed  by  absorp- 
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tion ;  we  have,  therefore,  left  the  ends  of  the  band  incom- 
pleted in  the  diagram.  Copeland's  measure  of  this  band  in 
1884  was  /  464.9. 

The  sub-band  seen  in  the  star  No.  4013  is  very  much 
fainter  in  this  star,  but  we  have  little  doubt  that  there  is  a 
very  faint  band  present  at  about  the  same  place  in  the  spec- 
trum. 

Professor  E.  C.  Pickering  has  found  in  the  near  neighbor- 
hood of  these  three  stars  other  stars  possessing  bright  lines 
in  their  spectra.*  The  brightest  of  these,  independently  dis- 
covered by  Dr.  Copeland  in  1884,t  namely,  D.  M.  +  37^^ 
3821,  in  which  the  spectrum  is  similar  to  that  of  the  Wolf- 
Ra3'et  stars,  was  examined.  Dr.  Copeland  says  of  this  star: 
**  It  has  a  spectrum  of  several  bright  lines  near  D,  and  a  very 
bright  band  in  wave-length  464"  {loc.  cit.).  We  were  there- 
fore surprised  to  find  the  blue  band,  which  is  very  brilliant, 
not  in  the  position  of  the  band  in  the  stars  No.  4013  and 
No.  3956,  but  less  refrangible,  corresponding  to  the  position 
of  the  band  in  the  star  No.  4001. 

The  bright  line  begins  about  /  467  and  runs  on  to  nearly  A 
470.5.  It  is  clearly  not  made  up  of  flutings  similar  to  those 
of  the  Bunsen  flame,  but  is  a  group  of  lines  nearly  uniformly 
bright  throughout  the  length  of  the  band.  The  band  did 
not  appear  to  extend  in  our  instruments  towards  the  red 
quite  so  far  as  the  band  of  No.  4001 ;  it  stops  near  the  place 
assigned  by  Vogel  to  the  beginning  of  the  band  of  No.  4001. 

The  band  is  represented  in  spectrum  No.  7  in  the  diagram. 
Direct  comparison  with  hydrogen  showed  that  the  line  at 
F  is  brilliant  in  this  star. 

After  some  scrutiny  of  this  i)art  of  the  star's  spectrum,  we 
became  conscious  of  a  very  feeble  brightening  of  the  spec- 
trum beyond  the  bright  band  towards  the  violet,  and  as  far 
as  we  could  estimate  its  position,  at  about  from  /.  464  to  k 
467,  that  is  to  say,  about  the  position  assigned  to  the  band 
by  Dr.  Copeland  in  1HS4. 

"  "  Till-  r«»llowiii>{  list  coiil.iiiis  tin-  tlcsi^jnalious  of  .-ill  lijilit  slnrs  (with 
Uright  lincH).  the  fiiHt  lonr  l»cinu;  tliosc  prcviouHiv  known :— .'If*'' •4-001.  ar>" 

4-«n:i,  'MV  .'uino,  ar,'  ai)M7,  :j7   :m2i,  .{k'^  4-()i(»,  a?"  .'JH71,  ao'  ai)52  or 

MiTi'A.  Of  thcHt*  'M  aKTl  is  V.  Cyuiii.  and  .'J7 '  aKL'l  is  tlic  star  in  tlic  spec- 
tnim  of  which  the  hri«ht  lines  art-  most  distinct"  (k-tlt-r  in  '  .N'Mtiiri'.'  vol. 

■  '.M.Mjthly  Xoticcn,  K.  A.  S.."  n-I.  I'-,  i'. '.»1,  isM. 
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We  then  re-examined  the  spectrum  of  No.  4001,  and  were 
able  to  feel  pretty  sure  that  a  similar  faint  brightening  of 
the  spectrum  occurs  in  this  star  also  at  the  same  place, 
namely,  about  the  more  refrangible  position  of  the  blue  band 
in  the  stars  No.  4013  and  No.  3956. 

Dr.  Copeland,  during  his  travels  in  the  Andes  in  1883,  ob- 
served Y  Argus  and  five  small  stars  with  bright  lines  in  their 
spectra.  He  says:  "As  far  as  my  measures  and  estimates 
go,  all  of  them  belong  to  the  same  class  as  the  three  Wolf- 
Rayet  stars  in  the  Swan,  to  which  Professor  Pickering  has 
since  added  a  fourth  outlying  member."* 

Dr.  Copeland  gives  the  position  of  the  bright  blue  band  in 
f  Argus  as  /.  464.6. 

Among  the  stars  in  the  great  cluster  G.  C.  4245,  near 
:  Scorpii,  Dr.  Copeland  found  a  star,  P.  XVI  204  =  Stone 
9168,  which  has  a  similar  spectrum,  namely,  with  a  bright 
band  in  the  blue  and  two  in  the  yellow.  He  found  the  posi- 
tion of  the  blue  band  to  be  /.  465.1 . 

In  the  case  of  two  other  small  stars  with  similar  spectra, 
he  found  respectively  for  the  blue  band  the  approximate 
measures,  /  463.3  and  /  463.6. 

These  four  stars  were  similar,  therefore,  at  the  time  of  the 
observations  to  No.  4013  and  No.  3956,  in  which  the  maxi- 
mum of  the  blue  band  is  not  far  from  /•  464,  and  therefore 
outside  and  beyond  the  ordinary  visible  limit  of  the  blue  car- 
bon band. 

Professor  Vogel  observed  two  other  stars  with  similar 
spectra," of  which  the  main  feature  is  the  very  bright  band  in 
the  blue  region,  namely,  Arg.  Oeltzen  17681  and  Lai.  13412. 
These  stars  are  too  low  in  southern  declination  to  be 
reached  from  our  Observatory. 

Vogel  places  the  blue  band  in  Lai.  13412  at  A  469,  which 
shows  that  it  has  a  position  similar  to  that  of  No.  4001  and 
of  Dr.  Copeland's  star.  In  the  case  of  Arg.  Oeltzen  17681 
Vogel  makes  the  band  to  extend  through  about  the  entire 
range  of  refrangibility  occupied  by  the  two  positions  of  the 
blue  band  in  the  Wolf-Rayet  stars  according  to  his  measures 
of  them,  namely  from  /  461  to  /.  470,  with  a  maximum  at 
the  place  where  they  would  overlap,  namely,  /  466. 

"  "  An  account  of  some  recent  Astronomical  Experiments  at  Ijigh  Ele- 
vations in  the  .\nrles;"   •Copernicus,"  vol.  .3,  1883. 
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Let  us  consider  the  four  stars  with  an  intensely  brilliant 
blue  band  which  we  have  examined ;  in  two  of  them  the 
band  extends  from  about  A  464  to  -i  467,  and  in  the  other 
pair  the  band  has  a  less  refrangible  position,  from  about 
/  466  to  A  471,  but  there  is  also  in  the  case  of  each  pair  a 
very  faint  band  visible,  or  suspected,  at  the  position  of  the 
blue  band  in  the  other  pair.  Further,  in  Arg.  Oeltzen  17681, 
Yogel  found  the  bright  band  sufficiently  long  to  include  both 
positions  of  the  band. 

One  suggestion  which  presents  itself  is  whether  these 
bands,  or,  more  correctly,  these  groups  of  bright  lines,  may 
be  variable,  so  that,  under  certain  conditions  one  or  other  of 
them  becomes  brilliant.  Such  a  state  of  things  would  recon- 
cile our  observations  of  +  37°  3821  with  the  earlier  meas- 
ures of  Dr.  Copeland,  and,  indeed,  might  possibly  explain,  if 
this  variability  should  be  established,  the  circumstance  that 
so  accurate  an  observer  as  Professor  Vogel  did  not  detect, 
even  with  his  smaller  instrument  in  1873,  the  very  large  dif- 
ference of  position  of  the  band  in  4001  from  that  of  the 
corresponding  band  in  the  stars  4013  and  3956,  which  was 
so  conspicuous  in  1883,  and  is  so  still  at  the  present  time. 
In  the  broad  characters  of  their  spectra,  and  in  their  magni- 
tudes, the  Wolf-Rayet  stars  have  remained  unchanged  since 
the  discovery  of  their  remarkable  spectra  in  1867. 

As  the  only  direct  evidence  of  such  a  variability  rests  upon 
the  change  of  position  of  the  band  in  Dr.  Copeland's  star 
since  his  observation  in  1884,  I  wrote  to  Dr.  Copeland  to 
ask  if  his  position  rested  upon  sufficiently  accurate  measures, 
or  was  arrived  at  by  estimation  only.  In  reply  he  says: 
"The  place  of  the  blue  line  (rather  band)  in  D.  M.  +  37° 
3821,  given  in  the  'Monthly  Notices,'  is  a  mere  estimate  to 
show  the  character  of  the  star." 

Whether  any  change  of  position  of  the  band  has  taken 
])lace  must  therefore  remain  at  present  uncertain;  but  inde- 
pendently of  any  such  direct  evidence  of  variability,  the  two 
positions  of  the  very  bright  blue  band,  with  the  suspicion  of 
faint  bands  at  the  alternate  ])ositions,  appear  to  us  suggest- 
ive of  possible  variation,  especially  when  we  consider  that 
the  spectra  of  these  stars  consist  of  numerous  absorption 
ban<ls  and  groups  of  bright  lines  upon  a  feeble  continuous 
specfnim,  ;\  clini-.'ictcr  of  spectrum  which  seems  to  point  to 


Bright-Line  Stars  in  Cygnus.  61 

a  probably  unstable  condition  of  the  atmospheres  of  these 
stars.  The  large  difference  of  position  of  the  bands  in  the 
two  groups  of  stars  is  much  too  great  to  admit  of  an  expla- 
nation founded  upon  a  possible  orbital  motion  of  the  stars. 
Besides  the  near  coincidence  of  Dr.  Copeland's  measures  of 
two  bright  lines  common  to  the  stars  4001  and  4013  shows 
that  the  difference  of  position  of  the  blue  band  is  not  due  to 
motion  in  the  line  of  sight.* 

If  future  observations  should  show  that  the  bright  blue 
groups  are  variable,  we  must  look,  it  would  seem,  to  causes 
of  a  physical  or  a  chemical  nature. 

If  the  two  bright  groups,  differing  in  position  by  about 
A  0040,  belong  to  different  substances,  or,  less  probably,  per- 
haps, to  different  molecular  conditions  of  the  same  sub- 
stance, it  is  conceivable  that  one  or  other  substance  or  molec- 
ular state,  may  predominate  and  appear  brilliant,  accord- 
ing to  certain  unknown  conditions  which  may  prevail  in  the 
stars'  atmospheres. 

It  might  be  suggested  that  both  bands  are  due  to  a  long 
group  of  bright  lines  extending  frorh  about  /  461  to  /  471, 
and  that  this  long  group  is  cut  down  by  absorption  bands ; 
in  one  pair  of  stars  an  absorption  from  the  green  cuts  off 
the  less  refrangible  part  of  the  long  group  down  to  about 
X  467,  while  in  the  other  two  stars  the  more  refrangible 
part  is  eclipsed,  and  the  bright  group  appears  as  in  4001. 

The  appearance  of  the  spectra  in  our  instrument  scarcely 
seems  to  us  to  be  in  accordance  with  such  a  view,  because, 
though  we  did  suspect  brightenings  in  the  alternate  places, 
the  appearance  of  the  spectrum  was  not  such  as  to  suggest 
a  bright  group  dimmed  by  absorption,  for  in  that  case  the 
amount  of  absorption  needed  to  all  but  obliterate  a  group, 
as  bright  as  it  appears  in  the  other  pair  of  stars,  would  have 
blotted  out  completely  the  relatively  feeble  continuous  spec- 
trum. This  continuous  spectrum,  though  faint,  was  still 
distinctly  seen. 

•  Dr.  Copeland  permits  me  to  give  the  foUowitig  measures  of  the  bright 
lines  in  the  Wolf-Kayet  stars  which  were  made  by  him  and  Mr.  Lohse  on 
January  28,  1884. 

1st  yellow    2d  yellow  Bright  Faint        Large  blue 

Star.  line.  line.  line.  line.  band. 

+  35=  4001 —  —  541.2(3)        522.0(1)        469.5(3) 

-f  35°  4013 582.4(2)      568.9(2)        541.0(2)  —  465.4(2) 

-f  36°  3956 581.0(2)      570.4(2)  —  523.3(1)        464.9(2) 
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More  observations  are  needed,  but  it  appeared  to  us  desir- 
able by  these  suggestions  to  invite  the  attention  of  observers 
to  the  points  in  question. 

As  the  main  object  of  our  examination  of  these  stars  was 
to  determine  whether  the  bright  band  in  the  blue  was  to  be 
regarded  as  showing  the  presence  of  carbon  by  its  coinci- 
dence with  the  blue  band  of  the  hydrocarbon  flame,  we  were 
not  able  from  the  pressing  claims  of  other  work,  to  extend 
our  examination  to  man3'  other  points  in  connection  with 
the  spectrum  of  these  faint  stars,  for  an  exhaustive  CAamina- 
tion  of  which,  indeed,  our  instruments  are  not  sufliciently 
powerful. 

We  have  stated  already  that  the  fairly  luminous  continu- 
ous spectrum  reaches  up  to  the  bright  baijd  in  all  three 
stars  and  extends  beyond  into  the  violet,  as  far  as  the  e^-e 
could  be  expected  to  follow  it. 

The  spectra  are  weakened  at  man\'  points  b}-  what  appear 
to  be  absorption  bands,  and  are  crossed  by  several  brilliant 
lines,  the  positions  of  .some  of  which  have  been  given  by 
Vogel  and  by  Copeland. 

An  examination  with  spectroscope  B  of  some  of  these 
bright  lines,  as  the\'  appear  under  small  dispersion,  showed 
them  to  be  really  not  single  lines,  but  short  groups  of  closely 
adjacent  bright  lines. 

One  of  the  brightest  of  these  lines  is  found  in  the  star  No. 
4013,  at  the  position,  according  to  Vogel,  of  A  570. 

Dr.  Copeland's  measure  for  this  line  is  /  568.9  in  star  4013, 
and  /.  570.4  in  the  star  3956. 

As  this  position  is  not  very  far  from  that  of  the  green  pair 
of  sodium  lines  at  /  5687  and  A  5681,  it  has  been  suggested 
that  the  line  in  the  star  is  due  to  sodium,  though  there  is  no 
line  of  comparable  brightness  in  the  star's  spectrum  at  the 
position  of  the  dominant  pair  of  the  sodium  spectrum  at  D.* 

On  confronting  in  spectroscope  H  the  star  line  with  the 
green  sodium  lines,  the  bright  space  in  the  star's  spectrum 
was  seen  to  consist  of  a  short  group  of  several  bright  lines 
close  together  and  nearly   ecjually   bright.     This  group  ap- 


•  The  570  line  in  moiit  probably  the  jjrecn  H<»(lium  line  569,  the  absence 
of  the  vcllow  Hodiiini  la-inf^  explained  by  the  half-nnd-lmlf  aljsorption  and 
rndiali'on  nu'tilioned  in  ihe  disenHsion  of  the  onuses  which  mask  and  pre- 
vaU  the  ap|>caranee  oi  n  line  in  a  spcctniin  (  Haluri.in  i-cctinc  lor  1HW.S, 
'  Koy.  Soe.  I'roe.,'  vol.  +4,  p.  41 ). 
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peared  to  extend  through  about  four  times  the  interval  of 
the  sodium  pair,  which  would  make  the  length  of  the  group 
about  /  0024.  The  green  sodium  lines  cross  the  group  at 
about  one-fourth  to  one-third  of  the  length  of  the  group  from 
its  more  refrangible  end.  The  group  in  the  star  is  rather  less 
bright  at  the  two  ends,  but  there  is  no  gradual  sht'iding  oft' 
in  either  direction  as  in  the  case  of  a  fluting. 

When  we  examined  this  part  of  the  spectrum  with  the 
small  dispersion  of  a  prism  of  45",  we  were  pretty  sure  of  a 
feeble  bright  line,  less  refrangible  than  the  pair  of  bright 
groups  in  the  yellow,  and  not  far  from  the  position  of  D. 
We  were  not  able  to  see  this  line  in  spectroscope  B  with  suf- 
ficient clearness  to  enable  us  to  fix  its  position.  It  may  be 
D,  or,  perhaps  more  probably  Dj. 

In  No.  4001,  Vogel  saw  a  line  at  the  position  of  the  F  line 
of  hj'drogen.  It  is  probable  that  this  line,  as  is  the  case  in 
so  many  stars  in  which  it  appears  bright,  is  variable,  as  we 
were  not  able  to  see  it  when  the  H/^  line  from  a  vacuum  tube 
was  thrown  in.  In  the  similar  star  D.M.  4-  37°  3821,  as  we 
have  stated  already,  the  P  line  of  hydrogen  was  very  bright. 

We  were  unable  to  detect  in  any  of  the  stars  a  brightening 
of  the  spectrum  at  the  position  of  the  chief  line  of  the  bright- 
line  nebula?.  For  this  examination  the  lead  line  /  5004.5 
was  thrown  in,  and  the  continuous  spectrum  of  the  star 
near  to  this  position  carefully  scrutinised. 

In  their  original  paper.  Wolf  and  Rayet  state  that  they 
were  not  able  to  detect  any  nebulosity  about  the  stars. 
They  say : "  Elles  ne  presentent  non  plus  aucune  trace  de  neb- 
ulosite"  {loc.  cit.,ip.  292). 

In  a  recent  paper,  Mr.  Keeler,  of  the  Lick  observatory, 
confirms  this  view.  He  says:  "At  my  request,  Mr.  Burn- 
ham  and  Mr.  Barnard  examined  the  Wolf-Rayet  stars  in 
Cygnus  for  traces  of  surrounding  nebulosity,  lint  with  only 
negative  result." 

Notwithstanding  these  negative  results,  it  appeared  to  us 
of  great  interest  to  ascertain  further  if  any  nebulosity  would 
come  out  in  a  photograph  of  the  stars  taken  with  a  long  ex- 
posure. 

Mr.  Roberts  responded  at  once  to  our  wish  when  we 
asked  his  invaluable  assistance,  and  on  November  1st,  of 
this  year,  he  took  a  photograph  of  this  region  of  Cygnus. 
wMth  an  exposure  of  two  hours. 
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The  three  stars  come  out  strongly  upon  the  plate,  but 
there  is  no  nebulosity  to  be  seen  near  any  of  them.  There 
are  faint  stars  in  close  proximity  to  the  three  stars,  and  ap- 
parently surrounding  them,  and,  in  the  case  of  No.  3956,  six 
of  these  faint  stars  are  seen  close  to  it,  in  an  apparent  spiral 
arrangement. 

Though  this  surrounding  of  faint  stars  should  be  pointed 
out,  it  should,  at  the  same  time,  be  stated  that  the  whole 
neighboring  region  is  so  densely'  studded  with  similar  faint 
stars  that  it  would  be  rash,  perhaps,  at  present  to  suggest 
that  this  apparent  connection  of  the  bright-line  stars  with 
faint  ones  near  them  may  be  other  than  accidental.* 

Professor  E.  C.  Pickering  informs  me  "that  photographs 
have  been  obtained  at  the  Harvard  College  Observatory  of 
all  the  stars  hitherto  discovered  whose  spectra  consist 
mainly  of  bright  lines  and  are  of  the  class  discovered  by 
Rayet.  Part  of  these  have  been  photographed  at  Cam- 
bridge, and  the  remainder  in  Peru."  He  states  that  they 
may  be  divided  into  three  sub-classes,  according  to  the  char- 
acters of  the  bright  lines.  He  says,  further :  "  Photographs 
of  the  spectrum  of  fifteen  planetary  nebula;  have  also  been 
obtained.  They  resemble  clpsely  the  spectra  described 
above,  except  that  the  line  500  is  strongly  marked ;  470  is 
seen  in  most  of  them,  while  the  lines  due  to  hydrogen  are 
also  bright." 

It  would  seem  that  Professor  Pickering's  photographs  do 
not  permit  him  to  distinguish  the  different  positions  of  the 
bright  blue  band  in  some  of  these  stars,  for  he  gives  for  all 
the  stars  the  same  position,  namely,  /  470. 


t  [Mr.  Roberts  has  furnished  us  with  the  followiii;^  (k'scription  ot"  tiic 
stars  as  they  a|)i)ear  on  his  photograph: — 

"No.  4001  aj)i)ears  as  a  nniltiple  star  made  up  o(  one  I)rijij;ht,  two 
fainter,  and  one  very  faint  star  partly  behind  tlie  others;  tliere  is  also  a 
fourth  briuht  star  elose  to  the  multiple  star.  The  j^roup  is  surrontuled  by 
at  least  ei^jht  faint  stars  within  a  radial  distance  of  ±  86"  of  arc  from 
center  to  center. 

"No.  4013. — The  photo-imajj^e  of  this  star  is  made  U])  of  three  stellar 
itnngCH  touching  each  other  in  a  line  slightly  curved.  Two  are  briglit  and 
one  faint:  and  there  are  indications  of  two  other  faint  stars  beliind  tlie 
two  bright  ones.  Tliis  midti])le  image  of  foin*  or  live  stars  is  surrounded 
by  five  l»riglit  and  seven  faiut  stars;  all  within  a  radial  distance  of  HU"  of 
ore  nicaiiurcd  from  center  to  center  of  the  midliple  star.  The  multiple  im- 
age meaitureH  ±  50"  in  length  and  1  ID"  in  breadth. 

"No  3i)r>6. — Its  photo-image  is  t  27"  in  diameter.  It  is  encircled  by 
three  Rtars  of  lemter  brightness,  and  six  faint  ones  within  a  radial  distance 
of  fiO",  /.  e.,  there  are  nine  stars  within  a  radical  distance  of  59"."— Dec.  G.], 
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We  regret  that  the  insufficiency  of  our  instrumental  means 
has  left  our  examination  of  the  spectra  of  these  stars  less 
complete  than  we  could  wish.  Our  observations  appear  to 
us,  however,  to  be  conclusive  on  the  main  object  of  our  en- 
quiry, namely  that  the  bright  blue  band  in  the  three  Wolf- 
Rayet  stars  in  Cygnus,  and  in  D.M.  +  37°  3821,  is  not  coin- 
cident with  the  blue  band  of  the  Bunsen  flame. 


THE  EXCENTRICITIES  OF  THE  ORBITS  OF  BINARY   STARS. 


T.  J.  J.   SEE. 
For  The  Messkngek. 

For  some  time  past  I  have  been  engaged  on  a  rigorous 
mathematical  investigation  of  the  secular  effects  of  tidal  fric- 
tion— especially  as  respects  the  excentricity  of  the  orbit — in  a 
system  of  two  viscous  or  fluid  bodies,  both  endowed  with 
rotatory  motion  in  the  same  sense  as  the  orbital  revolution. 
It  is  intended  to  be  applicable  to  the  sj'stems  of  the  binary 
stars,  where  both  the  primary  and  secondary  stars  are  rela- 
tively of  the  same  order  of  mass.  Whilst  the  work  is  not 
3iet  entirely  finished,  it  is  sufficiently  advanced  that  the  chief 
results  are  already  incontestibly  established.  Some  of  the 
conclusions  are  so  very  remarkable  that  I  think  they  will  in- 
terest astronomers.  It  is  well  known  that  the  orbits  of  bi- 
nary stars  present  every  degree  of  excentricity  from  almost 
O  to  0.9  (in  the  case  of  r  Virginis).  A  table  of  more  than 
fifty  of  the  best  orbits  hitherto  determined,  which  I  have  col- 
lected from  a  great  number  of  publications,  presents  to  the 
eye,  when  the  ellipses  are  drawn,  orbits  of  every  degree  of 
elongation  from  that  of  one  of  the  great  planets,  which  is 
almost  circular,"to  that  of  a  comet  such  as  Halley's.  The 
arithmetic  mean  of  the  excentricities  of  these  fifty  orbits  is 
almost  0.50.  The  same  mean  for  the  orbits  of  the  great 
planets  of  the  solar  system  is  0.044.  That  of  the  small 
planets  is  somewhat  higher,  whilst  that  of  the  satellites  will 
closely  conform  to  the  small  mean  deduced  from  the  orbits 
of  the  great  planets. 

The  orbits  of  the  small  planets,  however,  can  not  be  taken 
as  typical  of  the  solar  system,  any  more  than  can  those  of 
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comets  or  meteorites,  on  account  of  the  great  perturbations 
which  the  small  planets  suffer,  and  our  inability  to  declare 
that  the  higher  powers  and  products  of  the  disturbing  forces 
neglected  in  the  planetary  theory  have  not  manifested  them- 
selves through  a  permanent  secular  increase  in  the  excentric- 
ity  of  the  orbits  of  bodies  subjected  during  past  ages  to  such 
great  perturbations  by  the  attraction  of  Jupiter  and  Sat- 
urn. The  orbits  of  the  great  planets  and  of  their  satel- 
lites are  therefore  the  onh'  ones  which  can  justly  be  taken  as 
tj'pical  of  the  solar  system.  The  average  excentricity  of 
these  orbits  is  less  than  one-tenth  of  that  of  the  fifty  binary 
orbits.  These  latter  very  remarkable  excentricities  led  me  to 
suspect  the  operation  of  a  physical  cause  (not  distinctly  im- 
pressed upon  the  orbits  of  the  planets),  whose  continuous 
action  had  brought  the  star  systems  to  their  present  config- 
urations. The  investigation  proceeds  upon  a  plan  analo- 
gous to  that  adopted  by  Professor  G.  H.  Darwin  in '  his 
excellent  researches  on  the  history  of  the  moon  and  planets 
of  our  system.  Space  does  not  allow  me  to  detail  the  long 
and  laborious  mathematical  investigation  at  hand,  but  the 
great  importance  of  tidal  action  in  a  system  such  as  y  Vir- 
ginis  may  readily  be  conceived  when  we  remember  that  thp 
components  are  equal  in  magnitude,  cind  therefore,  perhaps, 
nearly  equal  in  mass,  each  probably  being  of  the  same  order 
of  absolute  mass  as  our  sun.  In  a  system  composed  of  two 
such  tremendous  bodies  of  a  gaseous  or  fluid  nature,  at  any 
reasonable — say,  planetary — absolute  distance  apart,  the 
tides  raised  by  mutual  attraction  would  be  simply  enor- 
mous. 

The  relatively  large  mass  of  the  secondary  body  in  the 
binary  systems  contrasts  strongly  with  the  small,  almost 
insignificant,  mass  of  the  i)lancts  in  the  system  of  the  sun,  in 
two  respects : 

(1)  The  great  excentricity  of  their  orbits,  and 

(2)  The  large  relative  mass  ratio  of  tlieir  comi)(>nents  (in- 
ferred chiefly  from  their  relative  magnitude)  the  binary  sys- 
tems are  certainly  radically  and  essentially  (HlVcrent  from 
our  own.  Now,  the  investigation  shows  that  if  \vc'sn»ppose 
the  starH  of  a  system,  such  as  y  Virginis,  originally  to  have 
been  started  close  together  in  an  almost  circulnr  orbit,  they 
would  have  been  wound  off  in  the  course  of  cosmic  ages  to  a 


The  Orbits  of  Binary  Stars.  67 


great  mean  distance  by  the  contiuous  action  of  tidal  fric- 
tion; and  meantime  the  excentricity  of  the  orbit  would  have 
become  extremely  great,  rising  to  a  maximum  at  the  maxi- 
mum mean  distance,  where  synchronism  obtained,  the  mo- 
menta of  rotation  having  been  transferred  into  momentum 
of  orbital  motion,  the  parts  of  the  exhausted  S3'stem  moving 
round  slowl}'  as  though  rigidly  connected.  The  results  of 
the  investigation  are  so  conclusive  that  T  do  not  hesitate  in 
the  belief,  not  only  that  they  establish  the  true  origin  of  the 
remarkable  excentricities  of  binary  orbits,  but  also  that  the 
cosmical  effects  of  tidal  friction  on  the  history  of  the 
heavenly  bodies  (except  in'  the  solar  system)  have  been 
hitherto  greath'  underestimated. 

The  investigation  seems  to  put  it  beyond  all  doubt  that 
tidal  friction  is  a  sufficient  cause  to  explain  the  great  excen- 
tricities observed ;  and  I  hope  eventually  to  show  also  that 
it  is  the  only  possible  assignable  adequate  natural  cause.  It 
can  easily  be  shown  that  binary  systems  are  not  products  of 
the  fortuitous  approximations  of  separate  stars ;  and  hence 
it  is  necessary  to  suppose  them  genuine  ab  initio,  and  there- 
fore to  consider  them  products  of  some  process  of  nebular 
evolution.  This  remark  suggests  interesting  reflections  on 
the  process  of  formation  and  history  of  the  binary  s\'stems; 
but  this  will  be  reserved  for  the  present,  and  I  merely  remark 
that,  for  the  reasons  given  above,  arid  others,  the  mode  of 
genesis  appears  to  me  to  have  been  radically  different  from 
that  embodied  in  the  conception  of  Laplace  as  applied  t^ 
the  genesis  of  the  solar  system.  This  latter  seems  to  be  an 
exception  and  not  the  rule.  Any  hope  of  valuable  results  in 
cosmical  investigations  must  rest  upon  a  careful  combina- 
tion of  the  results  of  observation  with  those  of  rigorous 
analysis.  Finally,  I  beg  to  add  that  the  investigation  on 
which  I  am  engaged  will  be  published  in  due  time.  Mean- 
while I  must  beg  the  indulgence  of  astronomers  in  announc- 
ing results  before  the  original  work  is  available;  the  conclu- 
sions seemed  to  me  to  add  an  unusual  interest  to  the  astron- 
omy of  double  stars. 

Berlin,  Prussia,  Dec.  9th,  1890. 
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HOW  TO  MAKE  A  LENS. 

GEORGE   S.   JONES. 
Tor  The  Messenger. 

[The  article  on  grinding  and  polishing  a  telescope  mirror, 
published  in  the  October  number  of  The  MESSENGteR,  ap- 
pears to  have  awakened  some  interest  among  amateurs,  and 
^  number  of  inquiries  have  been  addressed  to  the  editor  for 
more  particular  information  as  to  certain  details  of  the 
work,  the  cost  of  materials,  etc.  The  writer  has  consented 
to  prepare  a  second  article,  in  which  is  given  a  complete  and 
detailed  account  of  the  process  of  making  a  small  lens, 
-which  may  be  considered  the  A  B  C  of  mirror-making. — The 
Editor.] 

The  outfit  required  by  the  amateur  lens  maker  consists  of 
a  small  lathe  and  accessory  tools,  a  small  supply  of  emery 
and  jeweler's  rouge,  a  few  scraps  of  sheet  brass,  a  supply  of 
colorless  glass  (if  optical  glass  cannot  readily  be  obtained 
good  plate  glass,  as  free  as  possible  from  striated  texture, 
will  answer  the  purpose),  and,  in  addition,  some  skill  in 
working  in  metal. 

the  emery  and  rouge. 

Procure  half  a  pound  of  the  flour  of  emery.  Mix  with 
water  and  knead  well,  to  insure  thorough  wetting;  put 
into  a  quart  bottle,  and  fill  the  bottle  with  water,  to  which 
^  little  mucilage  has  been  added  ;  shake  the  mixture  well  and 
allow  it  to  settle.  The  larger  particles  of  the  emery  will  fall 
to  the  bottom  at  once;  the  finest  will  remain  in  suspension 
for  several  hours.  At  the  end  of  an  hour  draw  off  carefully 
with  a  siphon  a  portion  of  the  still  turbid  water  into  a  glass 
tumbler,  and  let  it  stand  to  settle  for  an  hour  or  more. 
Pour  the  water  from  the  tumbler  back  into  the  bottle.  At 
the  bottom  of  the  tumbler  will  be  found  a  deposit  of  fine 
emery — the  finest,  probably,  that  will  be  needed — which  may 
be  kept  for  use  in  a  small  vial  filled  with  water. 

The  process  of  "elutriation"  hardly  need  be  described  fur- 
ther. It  will  readily  be  seen  that  this  i)roccss  enables  us  to 
«epnrntc  the  flour,  as  it  comes  from  the  shop,  into  grades  of 
diflcrcnt  degrees  of  fineness.  At  least  a  half  dozen  grades 
should  1)1-  ])rcpnre(l,  the  coarsest  being  obtained  by  allowing 
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no  more  than  one  minute,  or  even  less,  for  the  first  settling. 
The  residue  left  in  the  bottle,  after  the  finer  particles  have  all 
been  removed,  will  come  into  use;  but  a  small  supply  of  em- 
ery of  a  still  coarser  grade  will  be  needed  for  the  rough 
grinding. 

The  rouge,  which  is  usually  sold  in  balls,  had  best  be 
kneaded  with  water  and  kept  for  use  in  a  small,  wide- 
mouthed  bottle.  This  bottle,  as  well  as  those  which  con- 
tain the  fine  emery,  should  be  kept  filled  with  water,  to 
prevent  the  material  from  caking,  and  before  use  they 
should  be  shaken  up  well  and  allowed  to  settle  when  the 
superfluous  water  can  be  poured  off, 

THE   GRINDING   CUPS. 

The  materials  for  grinding  and  polishing  being  ready,  we 
will  make  our  first  essay  with  a  plano-convex  lens  of,  say, 
one  inch  in  diameter  and  two  inches  focal  length.    A  piece  of 
thin  plate  glass  will  answer  for  our  first  trial,  and  will  offer 
the  advantage  of  having  one  face  already  polished. 

We  cut  a  disk  of  paper,  one  inch  in  diameter,  and  paste  it 
to  the  glass  to  serve  as  a  mark  in  cutting  the  glass.  Hav- 
ing cut  this  as  close  to  the  paper  as  possible,  with  a  dia- 
mond or  by  other  means — this  work  can  be  performed  with 
a  small  pair  of  nippers,  skillfully  used — finish  shaping  the 
glass  disk  upon  a  grindstone  or  an  emery  w^heel. 

Turn  a  spindle  of  wood  two  or  three  inches  long  and  of 
the  size  of  a  lead  pencil,  terminating  in  a  flat  head,  to  which 
attach  the  glass  by  means  of  sealing  wax,  thus  providing  it 
with  a  handle. 

A  grinding-cup  may  be  made  of  a  piece  of  thick  sheet- 
brass.  The  diameter  of  this  cup  should  be  about  the  same 
as  that  of  the  lens,  and  the  radius  of  its  curvature  should 
be  one-half  of  the  focal  length  desired.  It  may  be  hammered 
into  shape  roughly;  then  soldered  to  a  spindle  (which  will 
serve  as  a  handle)  and  turned  carefully  to  the  required  con- 
cavity in  the  lathe. 

In  turning  the  cup  a  gauge  will  be  needed,  which,  if  we  are 
not  too  particular  about  the  focal  length  of  our  lens,  may  be 
made  the  most  readily  of  stiff  writing  paper,  by  means  of  a 
pair  of  compasses,  to  one  leg  of  which  a  cutter  is  attached. 
If  we  wish  for  greater  nicety  the  gauge  may  be  made  of  thin 
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sheet  metal,  thus:  Set  the  compasses  to  the  exact  required 
length  of  the  radius  of  curvature,  and  mark  upon  two  sepa- 
rate plates  of  the  metal  two  arcs  of  circles.  One  is  to  serve 
as  a  convex,  the  other  as  a  concave  gauge.  Shape  them  as 
accurateh'  as  possible  with  a  file,  and  then  grind  them  to- 
gether with  fine  emery  and  water  or  oil,  until  they  fit  each 
other  perfecth-.  One  of  these  gauges  can  be  used  for  the  cup, 
the  other  for  the  lens. 

The  rough  grinding  ma\'  be  done  in  the  lathe.  Attach 
the  brass  cup  to  the  chuck  of  the  lathe  and  adjust  it  to  run 
true.  Hold  the  glass  disk,  wet  and  smeared  with  coarse 
emery,  against  the  cup,  by  means  of  its  spindle,  in  such  a 
manner  that  one  of  its  edges  overlaps  that  of  the  cup.  To 
do  this  the  spindle  must  be  held  obliquelv  to  the  axis  of  the 
lathe.  While  the  lathe  is  run  in  one  direction,  slowlj',  turn 
the  glass  regularly  in  the  opposite  direction,  and  continually 
vary  the  amount  of  the  lap. 

The  cup  will  be  ground  as  well  as  the  glass,  although  less 
rapidly,  and  it  will  perhaps  be  well  to  rough-grind  the  glass 
in  a  special  cup,  which  need  not  be  shaped  so  careful!}'. 

After  the  lens  has  been  ground  into  shape,  and,  as  tested 
by  the  concave  gauge,  is  found  to  have  the  desired  curva- 
ture, remove  the  cup  from  the  lathe  and  finish  the  work  by 
hand.  Use  in  grinding  both  a  twirling  motion  and  straight, 
transverse  strokes,  and  turn  both  kns  and  cup  after  each 
stroke,  so  that  the  grinding  surfaces  shall  continually 
change  their  relation  to  each  other.  Hand- work,  carefully 
done,  is  much  superior  to  work  done  in  the  lathe.  Before 
])assing  from  one  grade  of  emer}-  to  the  next  finer,  examine 
the  work  with  a  glass,  to  be  sure  thtit  all  of  tiie  compara- 
tively deep  nicks  are  ground  out.  The  last  grinding  should 
leave  the  surface  of  the  lens  of  a  milky  whiteness  with  no 
marks  upon  it  visible  without  a  glass. 

A  polishing  cup  may  be  made  of  wood.  Its  diameter 
should  be  .ibout  one-tenth  larger  than  that  of  the  lens.  The 
wooden  cup  shoiihl  be  hned  with  pitch,  which  is  very  con- 
veniently prepared  by  melting  rosin  and  adding  a  little 
spirits  of  turpentine.  The  hardness  of  the  pitch  should  be 
Huch  that,  at  the  temperature  of  the  room,  it  can  be  dented, 
not  too  easily,  with  the  finger-nail.  The  cup  should  be 
fitted   to   the  lens,    which  has    previously  Ikvii    wet,    while 
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the  pitch  is  still  soft,  or  it  should  be  warmed  for  the  pur- 
pose. The  polishing  can  be  done  in  the  lathe,  but  better 
work  can  be  done  by  hand.  The  same  strokes  should  be 
used  as  in  grinding — a  combination  of  a  twirling  and  a  recti- 
linear motion.  If  it  is  fouild  that  the  border  of  the  lens  is 
polishing  faster  than  the  center,  make  the  cup  smaller,  or  in- 
crease the  length  of  the  stroke.  If  the  center  polishes  too 
fast,  this  indicates  that  the  polisher  is  too  small.  At  this 
point  experience,  born  of  practice,  must  take  up  and  con- 
tinue the  instruction. 

To  grind  the  edge  of  the  lens,  after  it  has  been  polished, 
insert  it,  still  attached  to  its  spindle,  into  the  lathe,  so  that 
it  runs  true.  Bend  a  strip  of  thin  metal,  an  inch  or  so  wide 
and  two  inches  long,  partially  around  the  edge  of  the  lens 
on  the  under  side,  and  allow  the  lens  to  turn  in  it  while  it  is 
kept  liberally  supplied  with  emery  and  water.  In  this  way 
the  edge  of  the  lens  may  be  ground  perfectly  true,  and  it 
may  be  cut  down  to  any  desired  size. 

If  it  is  desired  to  make  a  lens  of  any  other  form  than 
piano  convex,  the  following  formula  will  be  found  conven- 
ient for  determining  the  length  of  the  radii  of  the  two  faces: 

when  both  faces  curve  in  the  same  direction,  as  in  the  men- 
iscus; and, 

2rr' 
F  — 

r'-\-r 

when  they  curve  in  opposite  directions,  as  in  the  double-con- 
vex. 

In  this  formula  F  is  the  principal  focus ;  r  and  r',  the  radii 
of  the  two  faces. 

It  is  assumed  in  this  formula  that  the  index  of  refraction 
of  glass  is  |,  which  is  a  little  under  its  true  value,  and  the 
focal  length  of  the  lens  will,  therefore,  turn  out  a  trifle  less 
than  calculated.  If  extreme  accuracy  is  desired,  the  formida 
to  use  is : 

rr 

in  which  n  is  the  index  of  refraction  of  the  glass  used. 
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NOTE  ON  THE  DOUBLE  STAR  2'  i86. 


S   W    BURNHAM.' 


For  The  Messenger. 

There  has  been  a  decided  change  in  both  the  angle  and  dis- 
tance of  this  pair  since  it  was  discovered  b}^  Struve.  It  was 
then  an  easy  object  with  almost  any  instrument,  but  the 
distance  slowly  diminished  until  it  was  noted  by  many  ob- 
servers as  single,  or  with  an  uncertain  elongation.  It  is 
still  a  close  pair,  but  readily  within  the  reach  of  the  large  re- 
fractors with  which  it  has  been  observed  during  the  last  few 
years.  No  orbit  has  yet  been  computed,  although  nearly 
half  a  revolution  has  been  described  since  the  first  measures 
of  Struve.  Many  of  the  measures  have  large  errors,  and 
probably  only  a  very  rough  approximation  to  the  period 
could  be  made  from  the  data  now  available.  Careful  meas- 
ures during  the  next  few  years  are  very  important  for  this 
purpose.  The  relations  of  the  two  components  are  fairly 
well  shown  since  1874,  but  the  measures  between  that  time 
and  1831  are  unusually  discordant  for  a  pair  of  this  kind,  as 
it  is  evident  that  it  could  not  have  been  single  at  any  time 
since  its  discovery,  except  perhaps  apparently  so  with  small 
instruments. 

I  have  selected  a  few  measures  by  the  best  observers  and 
accurately  platted  them  to  scale  on  the  accompanying  dia- 
gram.   These  observations  are  as  follows : 
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The  ellipse  shown  is  the  result  of  an  attemjjt  to  find  a 
curve  which  would  fairly  represent  the  more  recent  measures 
and  the  first  obscrv.Mtions  of  Struve.  It  is  evident  th.Mt  the 
intermediate  measures  cannot  be  reconciled,  without  large 
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corrections,  with  any  curve  passing  through  the  points  re- 
ferred to.  If  we  disregard  the  last  three  measures,  the  path 
of  the  companion  would  be  as  well  represented  by  a  straight 
line  as  by  any  curve,  but  the  later  observations  taken  in  con- 
nection with  Newcomb's  observation  in  1874,  make  it  quite 
certain  that  the  relative  change  is  not  one  of  proper  motion. 
According  to  Struve  the  meridian  observations  of  the  princi- 


pal star,  or  rather  of  the  two  components  considered  as  one 
star,  for  it  must  have  appeared  single  with  the  meridian  cir- 
cle, show  a  proper  motion  of  about  a  quarter  of  a  second 
per  annum,  and  this  is  evidently  common  to  both  compo- 
nents. Perhaps  a  flatter  or  more  elongated  ellipse  could  be 
used,  but  the  plane  of  the  orbit  must  form  a  considerable  an- 
gle with  the  line  of  sight. 

The  last  measures  of  this  pair  were  made  with  the  large 
equatorial,  and  should  be  fairly  accurate  as  a  double  star  of 
this  distance  is  very  easj'  with  an  aperture  of  36  inches  un- 
der ordinarv  conditions. 
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PHENOMENA  OBSERVED   UPON    SATURN  AT  THE  TIME  OF  THE 

PASSAGE  OF  THE  SUN    AND  OF  THE   EARTH  THROUGH 

THE  PLANE  OF  ITS  RINGS,  IN    1877-1878.* 


E.  L.  TROUEVLOT. 


In  a  paper  "On  the  Variation  of  the  Rings  of  Saturn," 
published  in  the  Bulletin  Astronomique,  I  said  a  few  words 
about  the  interesting  phenomena  which  I  observed  in  1877 
and  1878,  before,  during  and  after  the  passage  of  the  sun 
and  of  the  earth  through  the  plane  of  its  rings.  Since  con- 
ditions nearly  identical  with  those  to  which  the  observed 
phenomena  might  be  attributed  are  about  to  present  them- 
selves again  in  1891  and  1892,  toward  the  time  of  the  pas- 
sage of  the  earth  and  the  sun  through  the  plane  of  these 
same  rings,  and  since  we  are  permitted  to  suppose  that  simi- 
lar causes  will  produce  phenomena  of  the  same  kind,  I  be- 
lieve this  to  be  an  opportune  time  to  make  known  these  phe- 
nomena, in  the  hope  that  by  calling  attention  to  them,  ob- 
servers, having  a  complete  knowledge  of  their  cause,  will  be 
able  to  prepare  for  observing  them  under  the  most  favorable 
conditions,  and  for  verifying  them  if  they  have  opportunity. 
Toward  the  middle  of  Ma\',  1877,  a  series  of  observations 
was  undertaken  with  a  view  to  studying  and  following,  daj' 
by  day,  as  circumstances  would  permit,  the  phenomena,  as 
yet  little  known,  which  result  from  the  progressive  ap- 
proach and  retreat  of  the  sun  and  of  the  earth  to  and  from 
the  plane  of  the  rings  of  Saturn,  as  well  as  those  which 
result  from  the  successive  passage  of  these  two  bodies 
through  the  same  plane. 

The  conditions  required  for  the  observations  of  these  phe- 
nomena should  for  a  little  while,  be  found  united.  In  fact, 
the  sun  and  the  eorth,  both  of  them  then  being  north  of  the 
plnne  of  the  rings,  gnidually  lowered  toward  this  plane 
which  they  crossed ;  the  iirst  toward  the  (3th  of  l^'bruar}-, 
and  the  second  about  the  1st  of  March,  1878;  then  receded 
grn<lu.'illy  and  occupied  on  the  south  the  i)ositions  succes- 
«ivcly  identical  with  those  which  tluy  li.id  v:\c]\  occupied  on 
the  north  before  their  passage. 

This  program  was  only  partly  rc.ili/cd,  lor  alter  the  pas- 
unge  of  the  earth  through  the  plane  of  the  rings,  my  health 
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prevented  the  continuation  of  these  observations,  which, 
with  the  exception  of  that  of  May  27th,  1878,  were  not  re- 
sumed and  followed  regularly  until  the  27th  of  the  following 
September,  and  from  that  time  to  the  10th  of  February, 
1879.  Thanks  to  the  state  of  the  heavens,  which  were  ex- 
ceptionally favorable  for  astronomical  observations  during 
that  period,  Saturn  was  observed  221  times  under  excellent 
conditions;  139  times  before  and  82  times  after  the  passage 
of  the  earth  through  the  plane  of  the  rings,  and  at  the  same 
time  numerous  drawings  of  the  planet  and  of  the  principal 
phenomena  observed  were  obtained.  The  observations 
were  made  by  the  aid  of  an  excellent  telescope  by  Merz,  of 
0"M6  aperture,  and  according  to  the  state  of  the  atmos- 
phere and  the  phenomena  to  be  observed,  magnifying  pow- 
ers varying  from  85  to  460  were  employed. 

The  phenomena  observed  may  be  divided  into  two  chisses  : 
(I)  Those  which  concern  the  rings;  (II)  those  which  pertain 
to  the  sphere.  Those  of  the  first  class  relate  (1)  to  the 
decrease  and  the  increase  of  the  brilliant  light  of  the  sur- 
face of  the  rings;  (2)  to  the  invasion  of  their  illuminated 
surface  bN'  a  shadow;  (3)  under  a  strong  solar  obliquity 
Cassini's  division  is  more  visible  on  one  ansa  than  on  the 
other;  (4)  the  anterior  part  of  the  ring  appears  nar- 
rower than  the  posterior;  (5)  the  disappearance  of  the  rings. 

Those  of  the  second  class  relate,  (1)  to  the  deformation  of 
the  limb  of  Saturn;  (2)  to  the  inequalit\'  of  the  light  be- 
tween the  central  portions  of  ihe  globe  and  those  which 
form  the  edge. 

To  understand  easily  the  phenomena  which  we  have  to  ex- 
plain, it  is  necessary  that  the  reader  should  have  an  idea,  at 
least  approximate,  of  the  position  occupied  by  the  sun  and 
by  the  earth,  whether  to  the  north  or  to  the  south  of  the 
plane  of  the  rings  at  the  moment  when  these  phenomena 
were  observed.  The  diagram  (Fig.  1)  of  which  the  ordi- 
nates  represent  the  different  months  of  the  year,  and  the  ab- 
scissa; the  elevation  of  the  sim  and  of  the  earth  either  to  the 
north  or  to  the  south  of  the  plane  of  the  rings,  will  permit 
the  reader  to  see  at  a  glance  the  approximate  positions  oc- 
cupied by  the  two  heavenly  bodies  at  any  date  whatever 
comprised  within  the  period  of  the  observations.  The  hori- 
zontal line  A  A'  represents  the  plane  of  the  rings  ;   the  obli([uc 
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line  SS'  gives  the  apparent  path  of  the  sun,  and  the  undulat- 
ing line  TT'  gives  that  of  the  earth.  The  arrows  indicate 
the  direction  of  the  movement  of  the  two  bodies.  The  sym- 
bols 6  ,  8  ,  ~,  mark  the  conjunctions,  thp  oppositions  and 
the  quadratures  of  Saturn  with  the  sun;  and  the  figures 
which  accompany  them  give  the  date  of  the  phenomenon. 
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I.     The  Decrease  and  the  Increase  of  the  Brightness  of  the 
Ilhiminatcd  Surface  of  the  Rings. 

From  the  first  days  of  my  regular  observations  of  Saturn, 
May  18,  1877,  I  remarked  with  surprise  that,  contrary  to 
what  I  had  always  seen  up  to  that  time,  the  ilkiminated  sur- 
face of  the  ring  seemed  decidedly  less  luminous  than  the 
planet.  Subsequent  observations  only  confirmed  the  first, 
and  it  was  certain  that  its  relative  brightness  had  dimin- 
ished since  my  observations  of  1872-1870.  Not  only  was  it 
tertain  that  its  brightness  had  diminished,  but  it  soon  be- 
came evident  that  it  was  growing  less  and  less  from  day  to 
day. 

All  observations  confirm  this  phenomenon  and  show  in  the 
most  evident  manner  that  the  light  reflected  from  the  surface 
of  the  rings  (hn)inishe<i  gradually  until  the  day  of  the  pass- 
age of  the  sun  through  their  plane.  Not  only  had  the  bright- 
ness been  gradually  diminishing  during  this  ])erio(l  of  nine 
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months,  but  also  the  color  of  the  light  changed,  and,  com- 
pared with  that  of  the  planet,  it  appeared  yellowish  and 
even  slightly  orange.  While  the  results  of  my  observations 
of  1872-76  were  exactly  opposite,  that  is  to  say,  during  that 
period  the  color  of  the  planet  compared  with  that  of  the 
rings  appeared  yellowish,  while  that  of  the  rings  themselves 
was  white. 

Although  the  observations  of  the  same  phenomenon,  after 
the  passage  of  the  earth  and  the  sun  through  the  plane  of 
the  rings  were  much  less  numerous  than  those  which  were 
made  before  these  passages,  still  there  is  no  doubt  that  the 
phenomenon  existed  then  as  before.  Indeed,  it  has  been 
proved  several  times,  and  notably  the  28th  of  August,  1878, 
that  "the  ring  appeared  less  luminous  than  the  ball  and 
that  its  color  was  yellowish."  At  this  last  date  it  was  just 
this  yellowish  tint  of  the  ring  which  enabled  one  to  distin- 
guish it  on  the  planet  which  was  comparatively  white. 
Nevertheless  the  phenomenon  was  approaching  its  end, 
for  a  month  later,  Nov.  26,  it  was  ascertained  that  "the 
ring  appeared  almost  as  bright  as  the  ball,"  and  a  few  days 
later,  Dec.  6,  "one  could  easily  see  that  the  ring  was 
brighter  than  the  planet."  From  that  day  until  this,  the 
ring  of  Saturn  has  constantly  held  a  brightness  superior  to 
that  of  the  globe,  just  as  it  did  before  1877.  If  one  seeks  the 
propable  causes  of  this  decrease  and  increase  in  the  bright- 
ness of  the  ring,  one  is  led  to  think  that  they  are  due  either 
to  the  position  of  the  earth  or  to  that  of  the  sun  with  rela- 
tion to  the  plane  of  the  rings.  If  it  is  to  the  position  of  our 
globe  that  this  phenomenon  should  be  attributed,  we  ought 
to  be  able  to  assure  ourselves  of  it  by  the  increase  and  de- 
crease of  its  brightness  corresponding  to  the  periodical  re- 
treat and  approach  of  the  earth  to  the  surface  of  the  rings. 
Now,  observations  have  never  shown  anything  of  the 
kind.  From  May  18,  1877,  to  Feb.  6,  1878,  and  from  this 
last  date  until  Oct.  28,  of  the  same  year,  the  brightness 
of  the  surface  north  of  the  ring  was  gradually  decreasing 
in  the  first  period,  and  that  of  the  southern  surface  was 
gradually  increasing  during  the  second.  Then  one  must 
admit  that  the  position  of  the  earth  counted  for  nothing, 
or  in  any  case  for  very  little,  in  the  production  of  the 
phenomenon.    It  is  then  in  the  position  of  the  sun  that  we 
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must  seek  the  cause.  We  have  already  shown  that  the  sun 
approached  the  plane  of  the  rings  until  the  day  of  its  pas- 
sage through  this  plane,  and  that  afterward  it  receded  with 
the  same  regularity.  Now  these  phenomena  of  decrease  and 
increase  in  the  brightness  of  the  light  observed  on  the  oppo- 
site suriaces  of  the  ring  are  in  perfect  conformity  with  the 
successive  positions  of  the  sun,  w^hose  decrease  in  height  cor- 
responds exacth'  to  the  diminution  of  the  light  on  the  north 
surface  of  the  ring  and  whose  increase  in  height  corresponds 
to  the  increased  brightness,, of  the, southern  surface.  It  is 
then  necessary  to  admit  that  the  phenomenon  was  due  in 
great  part,  if  not  altogether,  to  the  position  of  the  sun  with 
relation  to  the  pl^ne  of  the  rings. 

If,  accepting  these  facts  we  assume,  as  indeed  our  obser- 
vations from  May  18,1877,  to  Dec.  6, 1878, seem  to  author- 
ize us  to  do,  that  the  same  things  take  place  on  the  northern 
surface  of  the  rings  as  on  the  southern,  it  will  be  easy  for  us 
to  deduce  approximjitely  the  date  of  the  year  1877  when  the 
ring  began  to  diminish  in  brightness,  as  well  as  that  ^vhen 
its  brightness  was  equal  to  that  of  the  planet.  Indeed  if  a 
brightness  always  approximately  equal  corresponds  to  a 
given  height  of  the  sun  above  the  plane  of  the  ring,  jt  fol- 
lows that  if  we  are  able  to  find,  what  the  dates  were  in  1877 
when  the  height  of  the  sun  equalled  +  4-  80'  and  +  4°  23', 
we  have  solved  the  problem.. 

We  find  that  the  first  height  corresponds  to  April  G,  and 
the  second  to  April  IG,  1877,  thtit  is  to  say,  that  it  was 
about  one  month  before  we  had  begun  our  observations 
that  the  northern  surface  of  the  ring  had  commenced  to 
undergo  a  decrease  in  brightness;  so  that  on  April  IG  the 
diminution  was  such  that  the  ring  and  the  planet  were 
equally  bright. 

According  to  these  observations  and  the  deductions  that 
we  have  drawn  from  them,  it  would  seem  that  when  the 
height  of  the  sun  is  reduced  to  4"  30',  the  surface  of  the  ring 
gr.'idu.'illy  diminishes  in  brightness  in  jjrojjortion  as  that 
body  lowered  toward  the  plane  of  the  ring,  and  that,  after 
having  crossed  this  plane,  the  opposite  surface  gradually  in- 
creases in  brightness  in  proportion  .'is  the  sun  goes  higher, 
until  the  day  when  it  reaches  a  height  of  4'^  30',  But  how 
can  the  position  of  the  sun  affect  the  luminous  intensity  of 
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the  ring?  Is  this  weakening  a  unique  occurrence,  and  does 
it  conform  to  the  law  of  Lambert,  who  claims  that  the  quan- 
tity of  reflected  rays  diminishes  in  proportion  as  the  angle 
of  incidence  increases?  Oris  it  rather  due  to  other  causes, 
such  as  the  absorption  of  solar  rays  by  an  atmosphere  be- 
longing to  the  rings,  etc.,  etc.  ?  At  present  we  have  no  data 
for  replying  to  these  questions;  but  we  maj*  be  permitted  to 
hope  that  the  observations  made  at  the  time  of  the  ap- 
proaching passages  of  the  sun  and  of  the  earth  through  the 
plane  of  the  rings  will  enable  us  to  answer  them. 

II.     The  Gradual  Invasion  of  the  Illuminated  Part  of  the 
the  Ring  by  a  Shadow. 

From  Oct.  6,  1877,  when  the  sun  was  1°49'  to  the  north 
of  the  pkine  of  the  ring,  until  Feb.  6,  1878,  the  day  of  its 
crossing  the  same  plane,  the  illuminated  surface  of  the  ring 
kept  gradually  decreasing  in  size, in  proportion  as  the  height 
of  the  sun  decreased,  so  that  Feb.  5,  the  evening  before  the 
passage,  the  bright  surface  was  no  longer  shown  except  by 
a  narrow  luminous  tliread,  very  difficult  to  recognise  be- 
cause of  its  extreme  thinness  (Fig.  2). 

The  phenomenon  consisted  in  a  gradual  invasit)n  of  the 
anterior  surfjice  of  the  ring  by  something  which  resembled  a 
shadow  cast  by  an  opaque  body,  and  which,  little  by  little, 
advanced  upon  it  and  obscured  it.  . 

The  6th  of  October  the  phenomenon  was  already  rendered 
apparent  by  a  pronounced  eclipse  of  the  part  of  the  ring 
which  crossed  the  planet.  December  18,  when  the  height  of 
the  sun  was  reduced  to  +0°4-4',  the  phenomenon  was  much 
more  accentuated,  and  all  the  part  of  the  ring  which  crossed 
the  ball,  as  well  as  the  parts  near  the  ansae  were  obscured. 
Jan.  25,  1878,  when  the  elevation  of  the  sun  was  not  more 
than  0°  12',  the  encroaching  shadow  stretched  so  far  tipon 
the  ring  that  it  reached  even  to  the  posterior  part,  and 
seemed  to  mingle  with  that  which  the  ball  then  cast  upon  it 
to  the  east  (Fig.  3)  in  such  a  way  that  the  eastern  ansa 
seemed  entirely  separated  from  the  planet  by  a  dark  gap, 
which  in  size  and  position  corresponded  with  the  shadow 
cast  by  Saturn  upon  its  rings.  Besides,  the  angular  shape  of 
this  shadow,  very  easy  to  recognise,  left  no  doubt  about  its 
identity.     February  4,  when   the  sun   was  not  more  than 
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+  0°  5'  high,  the  lighted  surface  formed  only  a  luminous 
streak  sharply  defined  and  of  extreme  thinness  (Fig.  2), 
\vhich  the  5th  of  February,  the  evening  before  the  passage  of 
the  sun  through  the  plane  of  the  rings,  was  very  difficult  to 
distinguish,  and  seemed,  at  moments,  discontinuous  and 
formed  of  luminous  globules  hardly  perceptible. 

Evidently  the  phenomena  in  question  could  not  be  ex- 
plained by  the  increasing  obliquity  of  the  surface  of  the  ring, 
caused  by  the  progressive  lowering  of  the  earth  towards  its 
plane;  in  the  first  place,  because  the  gradual  decrease  of  the 
illuminated  part  of  the  ring  was  not  at  all  in  proportion  to 


Fig.  2. 

the  lowering  of  our  globe,  but  took  place  more  rapidly ;  and 
also,  because  this  illuminated  surface,  instead  of  being  a  per- 
fect ellipse,  had  an  irregular  form  (Fig.  3).  And  then,  the 
elevation  of  the  earth,  which  the  6th  of  October  was  +3°21' 
and  kept  increasing  until  Nov.  16  when  it  was  +3°  55',  was 
still  -f  1°  20'  the  5th  of  Ferbuary,  1878,  when  the  illumi- 
nated portion  of  the  ring  was  reduced  to  an  interrupted  lumi- 
nous streak,  and  so  narrow  that  it  was  difficult  to  distin- 
guish it.  Now  when  the  earth  occupies  an  identical  ])osi- 
tion,  or  even  one  inferior  to  that  which  it  held  at  the  last 
date,  the  ring  is  still  a  very  remarkable  object,  subtending 
an  angle  of  ()".86,  and  upon  which  one  still  distinguishes 
easily  the  opening  of  the  ans:e,  and  which  cannot  i)ass  un- 
noticed even  with  instruments  of  small  aperture,  while  at 
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the  same  time  the  height  of  the  sun  is  scarcely  less  than  2° 
(Fig,  4),  which  is  the  projection  of  Saturn  and  its  rings  for 
Feb.  4,  1878,  shows  the  ring  as  it  must  have  appeared  if  its 
surface  had  been  flat  and  consequently  exposed  to  the  rays 
of  the  sun. 

Neither  can  the  phenomenon  be  attributed  to  an  error  of 
observation,  when  the  shadow  cast  by  the  ring  upon  the 
ball  would  have  been  taken  for  and  confused  with  it.  In 
fact,  the  6th  of  October  this  shadow  cast  toward  the  north 
already  began  to  disengage  itself  from  the  nebulous  ring  C, 
from  which  it  was  separated  by  a  narrow  thread  of  light  be- 


Fig.  3. 

longing  to  the  globe.  This  thread  of  light  separating  the 
shadow  from  the  ring  C  increased  from  day  to  day  in  the 
same  measure  that  the  shadow  thus  cast  decreased ;  so  that, 
if  by  an  error,  the  thread  of  light  belonging  to  the  globe  had 
been  confounded  with  the  ring,  the  illuminated  surface  of  the 
latter  ought  to  have  grown  larger  instead  of  smaller,  as  the 
observation  showed  it.  Besides  the  darkening  of  the  ring 
stretched  out  beyond  the  globe,  which  amply  suflficesto  show 
that  it  was  distinct  from  the  shadow  cast  by  the  ring  since 
that  could  not  reach  beyond  the  globe. 

The  close  connection  observed  between  the  increase  of  the 
shadow  on  the  illuminated  surface  of  the  ring  and  the  lower- 
ing of  the  sun  on  its  horizon  shows  clearly  that  that  body 
was  the  principal  cause  of  the  phenomenon. 
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In  reflecting  upon  the  causes  which  would  be  capable  of 
producing  such  a  darkening  on  the  ring,  we  hardly  find 
more  than  one  which  can  explain  it  and  even  that  one  offers 
some  serious  difficulties.  We  attribute  the  observed  phe- 
nomenon to  the  elevation  above  the  general  level  of  a  zone 
slightly  inclined  toward  the  planet.  Supposing  that  the 
rings  had  a  flat  surface,  it  is  evident  that  this  surface  would 
receive  the  solar  rays  and  consequently  would  remain  visible 
as  long  as  the  sun  remained  above  it. 

We  have  shown  elsewhere  {Bulletin  Astronomique,  t.  II, 
p.  16  and  following,  1885)  that  the  form  of  the  shadow  of 
the  ball  cast  on  the  rings  could  not  be  reconciled  with  a  sur- 
face perfectly  flat,  and  we  have  shown  that  the  level  of  this 

Fig.   'a. 


surface  is  changeable  and  varies  often  in  height.  From  the 
form  of  the  edges  of  this  shadow  we  have  decided  that  the 
maximum  thickness  of  these  rings  is  found  on  the  ring  B,  at 
some  distance  from  the  division  of  Cassini.  Now  if,  inside 
of  this  division,  the  ring  B  possesses  a  variable  xone  of  a  con- 
siderable height,  it  will  result  that,  when  the  sun  approaches- 
the  plane  of  the  ring,  this  more  elevated  zone,  intercepting 
the  solar  rays,  will  cast  a  shadow  behind,  which  will  extend 
farthe  and  farther  in  proportion  as  the  sun  descends,  and 
which  will  end  by  covering  almost  all  the  part  within  this 
zone  and  nearly  the  half  of  the  surlacc  of  the  ring  A,  the 
half  most  distant  from  the  sun. — Bulletin  Astronomique. 

[To   IIK  Co.NTINUKU.] 
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A   BRIEF  BIBLIOGRAPHY  OF  ASTRONOMICAL  LITERATURE  FOR 
THE  YEAR   1890,  JANUARY  TO  JUNE. 

COMPILED    BY    WILLIAM    C.  WINLOCK. 

The  following  brief  subject-index  of  astronomical  litera- 
ture is  intended  to  form  a  continuation  of  the  bibliography 
of  astronomy  that  has  been  published  in  connection  with 
the  Smithsonian  review  of  Astronomy  since  1885.  The 
year  1890  is  divided  into  two  parts,  but  is  it  expected  that 
the  bibliography  for  1891  will  be  continued  as  a  quarterly 
appendix  to  The  Sidereal  Messenger. 

To  make  a  work  of  this  sort  exhaustive,  even  to  the  ex- 
tent of  including  all  the  material  that  comes  under  the  com- 
piler's notice,  would  expand  our  index  to  undue  proportions, 
and  seems  for  the  present  to  be  out  of  the  question.  As 
some  selection  has  been  imperative,  an  effort  has  been  made 
to  meet  what  are  conceived  to  be  the  general  wants  of  the 
astronomer,  assuming  that  the  special  papers  that  interest 
but  few  readers  will  come  to  the  notice  of  the  latter  without 
difficulty.  Any  suggestions  upon  this  point  will  be  wel- 
comed by  the  compiler,  who  will  also  be  glad  to  receive  the 
titles  of  any  papers  that  it  would  seem  desirable,  for  any 
reason,  to  include.  It  should  be  added  that  through  the 
courtesy  of  the  officers  in  charge,  access  is  had  to  the  library 
of  the  U.  S.  Naval  Observatory,  and  to  that  of  the  Smith- 
sonian Institution,  which  together  probably  furnish  the 
most  complete  collection  of  current  astronomical  literature 
in  this  country. 

Journal  articles  are  included  in  the  index,  as  well  as  more 
formal  and  elaborate  publications — a  few  titles  being  taken 
from  reviews  or  book  catalogues. 

The  arrangement  is  by  subjects,  with  a  sub-arrangement 
by  authors  or  catch-words.  The  abbreviated  titles  of 
Transactions  or  Journals  follow  in  the  main  the  principles 
laid  down  by  Dr.  Billings  and  Dr.  Fletcher  in  their  great 
subject-index  catalogue  of  the  Surgeon  General's  Library  U. 
S.  Army,  in  Washington.  Of  the  less  obvious  contractions 
the  following  will  probably  be  an  adequate  explanation  : 
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abstr. 

abstract. 

k.  k, 

kaiserlich,  konig- 

P- 

page. 

Am. 

American. 

lich. 

pi. 

plates. 

bd. 

band. 

Ifg. 

lieferung. 

portr. 

portrait. 

d. 

die,  der,  del,  etc. 

n.  d. 

no  date. 

pt. 

part. 

ed. 

edition. 

n.  p. 

no  place  (of  pub- 

r. 

reale. 

hft. 

heft. 

lication.) 

rev. 

review. 

hrsg. 

herausgegeben. 

n.  f. 

neue  Folge. 

s. 

series. 

il." 

illustrated. 

n.  s. 

new  series. 

sc. 

science,  scientific. 

j.,  jour. 

journal. 

not. 

notices. 

sup. 

supplement. 

obsrj-. 

observator3'. 

v.,  vol. 

volume. 

In  the  references  to  journal  articles  the  volume  and  page 
are  simply  separated  by  a  colon ;  thus : 

Astron.  nachr.  123:  275-82.    1890. 

signifies,  Astronomische  Nachrichten,  volume  123,  pages  (or 
columns)  275  to  282,  published  in  1890. 


Adolph  {Carl)  [1838-90]. 

AiwERS   (A.)      Todes-anzeige.     As- 
tron. nachr.  123  :  319.  1890. 
Asteroids  of  1889. 
KiRKWOOD  (D.)    Similarit3'  of  cer- 
tain orbits  in  the  zone  of  asteroids. 
Pub.  astron.  soc.  Pacific.  2  :  48. 
1890. 
Leh.\i.\nn  (P.)    Zusammen-stellung 
(       der    planeten-entdeckungen  im 
jahre  1889.     Vrtljschr.   d.  astron. 
gesellsch.    25  :  66-70.     1890. 
Astronomers. 
PoRTKAiTS  of  distinguished  astron- 
omers in  Wolff-Leavenworth  col- 
lection   of    Syracuse     University. 
Sid.  mess.     9':  152-5.    1890. 
Astronomical  society  of  Camden,  N.  J. 
Depuy(A.  B.)     [Organization  of  the 
society.]  Pub.  astron.  soc.  Pacific, 
2  :  97.     1890. 
Astronomische  gesellschaft. 
Kreutz  (H.)     [Account  of  its  or- 
^jnnization.  history  and  objects.] 
Pub.  astron.  soc.  Pacific,  2  :  41. 
1890. 
Astronomy. 

Gericny  (P.)    L'astronomic  d  I'ex- 
position  [de  Paris,  1889].     L' As- 
tron.   9  :  61-8.     1890. 
Astronomy  (Descriptive). 
Ball  (K.  S.)    Star  land.    London, 
1889.: 
Rev  .   Nature  ♦!  :  3in.    180O. 
GoMR   (J.   li.)    The    scenery  of  the 

heavens.     London,  1890. 
Mii.LH  (J.)     LcBHons  on  elementary 
phynioKrnphic  astronomy.      Lon- 
don. 18H9. 
Hrv:  by  I'  (A.)  Nature  43:  76.   1800. 

Aitronomy  ( Ilintory  of). 

W()LF(K.)  Ilundbuch  der  astron- 
omic, ihrcr  ^ruchichtc  und  litera- 
tur.     2v.     1890. 


Astronomy  (Progress  of)- 
Fa  YE  (H.)     Les  progres  de  1 'astron- 
omic pendant  I'annee  1889.     L'As- 
tron.     9  :  168-73.     1890. 
Notes  on  some    points    connected 
with  the  progress  of  astronomv 
.  .  .  [1889].      Month,    not.     50": 
217-53.     1890. 
Progress    of  astronomy  in  1889. 
Eng.    mec.   50:    373-405.      1890. 
Also:  Sid.  mess.  9  :  101-6.      1890. 
WiNLOCK  (W.  C.)    Account  of  the 
progress    in    astronomy    for   the 
years  1887, 1888.    Smithson.  rept. 
1888:  125-216.     1890. 
Also,  Reprint. 
Bethlehem  (Star  of). 
Fi-AMMARiON  (C.)    L'etoile  de  Beth- 
l<5em.    il.  L'Astron.  121-8.    1890. 
Chronodeik. 
Pa  LISA  (J.)     [Description  et  I'usage 
de    I'instrumentJ  i\.    L'Astron.  9: 
144-8.     1890. 
Clocks  (Astronomical). 
Gerrisii  (W.  P.)     Simple  break-cir- 
cuit forelocks.  Sid.  mess.    9:  124. 
1890. 
CofEln     ( John    Huntington    Crane). 
[1815-90]. 
Ohiti'ary  notice:    Am.  j.  sc.    139: 
246.     1 890. 
Comet  d'Arrest. 
LuvEAf   (Cf.)    lv])h<?m<5ridc  pour  l.a 
recherche  de  la  com<5te  ...  1 890. 
Astroii-nachr.    124:    113.    1890. 
Comet  1869  in. 
BossERT    (J.)      [Identity  dc  la  co- 
mtte    TemiK'l-Swift    avec    les    co- 
mdtcs    de     Blanimin   1819  et  dc 
Grischow    1743. J      Bull,    astron. 
7:  92.    1890. 
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Comet  1882  II. 

ScHiAPARELM  (G.  V.)  Note  sull'- 
aspetto  fisico  della  grande  cometa 
1882  II.  il.  Astron.  nachr.  124: 
225-34.    1890. 

TissEKANi)  (F.)  Sur  les  noyaux  .  .  . 
Bull,  astron.  7:  54-63.     1890. 
Comet  1884  III. 

Lkhmann-Filhkh    (R.)      Cher     die 
eliemaligebahn  .  .  .  Astron.  nachr. 
124  :  1-16.     1890. 
Comet  1885  II. 

Bekhkrich     (A.)     Definitive    bahn- 
bestimmung.     Astron.  nachr.  123: 
385-406.     1890. 
Comet  1889  I. 

Bkkbkkich  (.\.)    Neiie  elemente  .  .  . 
Astron.     nachr.       123:      275-82. 
1890. 
Comet  1889  IV. 

I{i:khkkich  (A.)  Elliptische  ele- 
mente des  cometen  1889  IV,  und 
hemerkungen  iiber  einige  andere 
cometen.  Astron.  nachr.  124: 
147.  1890. 
Comet  1889  V. 

Bkedichin  (T.  )  Sur  les  compag- 
nons  .  .  .  Astron.  nachr.  123:  321. 
1890. 

Wilson(H.C.)    Orbit  ..  .Sid. mess. 
9  :  125-30.     1890. 
Comets. 

Gkkgory  (R.  a.)  Comets  of  short 
period.      Nature  42  :  31.     1890. 

MoNCK  (W.  H.  S. )  Meteoric  theory 
of  comets.  Sid.  mess.  9:  216-22. 
1890. 

SCHULHOF  (L.)  Notes  sur  quelques 
com^tes  h  courte  p^riode.  Astron. 
nachr.  124:  193-202.  1890. 
Also:  Bull,  astron.  6  :  465-513. 
1890. 

Seeliger  (H.)      Wahrscheinlichkeit 
des    vorkommens    von    hyj)erbol- 
ischen    cometenbahnen.      Astron. 
nachr.     124:  257-62.     1890. 
Comets  of  1889. 

Kreutz     (H.)      Zusammenstellung 

der     cometen-erscheinungen      des 

jahres  1889.    Vrtljschr  d.  astron. 

gesellsch.  25 :  70-85.     1890. 

Comets  (Orbits  of).    See  also.  Orbits. 

Searle  (G.  M.)     Method  of  correct- 
ing a  first  parabolic  orbit  to   rep- 
resent a    later    observation.    As- 
tron. jour.  10:  9.     1890. 
Connaissance  des  Temps. 

CoN.NAissANCE     dcs  temps ;   extrait 
k  I'usage  des  ^coles  d'hydrograph- 
ie  et    des    marins    du    commerce, 
pourranl891.    Paris.  1889. 
Rev.  Nature  *2  :  124. 


Corona  of  1889, 
13  :  105.     1890. 


Corona  (Solar). 
ScHAEBERLE  (J.  M.)      Mechanical 
theorv  of  the  solarcorona.  Month, 
not.  '50  :  372-3.     1890. 
Also.   Abstr.   Pub.  Astron.  Soc.  Pa- 
cific, 2  :  6. 

Wesley  (W.  H.) 
Dec.  22.    Obsry. 
Double  stars. 

Pickering  (E.  C.)  New  class  of 
binarv  stars.  Month,  not.  50: 
296-8'.  1890. 

Rambaitt  (A.  A.)  Parallax  of 
double  stars.  Month,  not.  50: 
302-10.     1890. 

Table  of  binary  stars  with  relative 
colors  and  magnitudes.     Pub.  as- 
tron soc.  Pacific,  2  :  110-4.    1890. 
Double  stars  (Orbits  of). 

SciiwARZSCHiLD  (K.)    Methodc  zur 
bahnbestimmung      der       doppel- 
sterne.    Astron.  nachr.  124:  215. 
1890. 
Earth. 

Rauau  (R.)  Loi  des  densit^s  a  I'in- 
terieur  de  la  terre.     Bull,   astron. 
7:  76-92.     1890. 
Eclipse  of  the  Sun  1887  Aug.  18-19. 

Belopolskv    (A.)     Corona-photo- 
graphien   1887   Aug.    18-19.     As- 
stron.  nachr.  124  :  183.     1890. 
Eclipse  of  the  Sun  1889  Dec.  22. 

de  la  Bau.me  PLrvi.NEL  (A.)  [R^- 
sultats  de  I'expedition  h  I'ile  Roy- 
ale.]  il.  L'Astron.  9  :  161-8. 
1890. 

Bigelow  (F.  H.)  The  U.  S.  N. 
eclipse  expedition  to  West  Africa. 
Sid.  Mess.  9:  145  8.     1890. 

HOLUEN  (E.  S.)  Photometry  of  the 
corona  .  .  .  Pub.  astron.  soc.  Pac- 
ific, 2  :  69.     1890. 

[Preliminary  report  of  the  Lick 

party],  il.  Pub.  astron.  soc.  Pac- 
ific, 2  :  93-7.     1890. 

[Notes  upon  the  observations 
made.]  Obsry.  13:  153.     1890. 

Todd  (D.  P.)  United  States  scien- 
tific e.vpedition  to  West  Africa, 
il.  Nature  42:  8.     1890. 

:     [Apparatus  prepared    by  the 

American  partv  to  the  West  coast 
of  Africa.]  Month,  not.  50:  380- 
4.     1890. 

Turner  (H.  H.)  Report  of  the 
eclipse  committee  of  the  royal 
astronomical  societv.  Month, 
not.  50:  265-87.     1890. 
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Eclipses  (of  the  Sun). 

Page  (W.  M.)  New  light  iVom 
solar' eclipses:  or  chronology  cor- 
rected by  the  rectification  of  er- 
rors in  the  received  astronomical 
tables.    St.  Louis,  1890. 

Rev.  by  Plummer   (W.  E.)   Nature 
41  :  529.     1890. 

Euler's  equation. 

We.ndell    (O.    C.)      Approximate 
solution  .  .  .  for  parabolic  motion. 
Sid.  mess.  9:  176.     1890. 
Instruments  (Astronomical). 
Lewis    (T.)     Notes    on  some  his- 
torical instruments  at  the  royal 
observatory,    Greenwich.    Obsr3'. 
13  :  200-8.'    1890. 
Juno. 
Downing  (A.  M.  W.)     Corrections 
to  the  elements  of  the  orbit  .  .  , 
Month,  not.   50  :  487-97.    1890. 
Jupiter. 
Denning  (W.  F.)     Recent  observa 
tions.  .  .  Nature  41  :  206.     1890. 
Fla-MMarion    (C.)      Le    monde    de 
Jupiter,   il.  L'Astron.  9  :  81,  201. 
1890. 
Terbv    (F.)    Sur   la  structure  des 
bandes  .  .  .  BuU.acad.roy  de  Belg. 
19  :  396-8. 
Also,  Reprint. 
Jupiter  (Orbit  of). 
Xevill   (E.)    The  Jovian  evection. 
Month,  not.  50  :  388-98.      1890. 
Kepler's  problem. 
Marth    (A.)     Simple    solution.  .  . 

Month,  not.  50:  511.    1890. 
Ra.mual'T  (A.   A.)    Simple  method 
of  obtaining  an  approximate  so- 
lution     of      Kepler's      equation. 
Month,  not.  50:  301.     1890. 
Latitude. 
Helmert  (F.  R.)     Starke  Jinderung 
dcr  geographischeii  breite  in    dcr 
zwciten  halfte  des  jahres  1K89  zu 
Berlin,      I'olsdam,       Frag     und 
Strassburg.    Astron.  nachr.  124: 
177.     1H9(). 
Latitude  (Dctvrmin/itinn  of). 

Wisi.iCKNt's  (\V.    I'".)     Einfachc  me- 
thodcn     dcr     zcit-und    brcitenlx:- 
ntimmung.    Astron.  nnclir.   124  : 
89-104.     1H90, 
Lick  observatory. 
[Dkhckii'tio.n  of  the  36-inch  refrac- 
tor.]   il.    Sid.    Mew.  9 :    97-101. 
1H90. 
Hoi.DKN  (K.  S.)     Life  and   work  at 
the  Lick  obwrvnlorv.  il.  I'tii).  as- 
tron. hoc.  I'Mcific.   ■J-.TiOGH.    1890. 
— :     Fhotogniphic    apiarntus    of 
the  great  cquutoriiil  .  .  .  il.  Month. 
not.  60  :  101-fl.    1H90. 


Light. 
Langley  (S.  p.)      On  the  cheapest 
form  of  light,  il.     Am.  j.  sc.   40  : 
97-113.     1890. 
Loomis  (Elias)  [1811-89.] 
Newton    (H.     A.)      Memorial    ad- 
dress .  .  .  Am.  j.  sc.  139  :  427-55. 
1890. 

For  Portrait,  see  Ibid,  427. 
Magnitudes  (Stellar). 
ScHEiNER    (J.)      Bestimmung   von 
stemgrossen      aus     photograph- 
ischen  aufnahmen.  Astron.  nachr. 
124  :  273-8.     1890. 
Mars. 
Dai'iiree  (  )    La  geologic  et  la 

planete  Mars.    L'Astron.  9  :  213- 
6.     1890. 
Pickering  (W.  H.)      Photographs 
of  the  surface  of  Mars.  Sid.  Mess. 
9  :  254.     1890. 
Mercury. 
Flam.marion       (C.)       D&ouvertes 
nouvelles     sur     Mercure.      L'As- 
tron. 9  :  42-5.    1890. 
Mercury  (Mass  of). 
Pli'mmer  (VV.  E.)     [Haerdtl's  val- 
ues   of  the   mass    of    Mercurv.] 
Obsry.  13  :  208.     1890. 
Mercury  (Rotation  of). 
Terbv  (F.)     D^couverte  de  la  rota- 
tion de  Mercure.    2  p.  8°.     Brux- 
elles,   1890. 

Bull.   acad.  roy  de  Belg.     3   s.   19, 
no.  1. 

Meridian  circle. 

Gautier  (P.)  Mire  k  disqtte  mobile 
autour  d'un  axe  vertical  pour  la 
mesure  de  I'inclinaison  du  fil 
mobile  dc  la  vis  en  distance  po- 
lairc  d'un  circle  ni^ridicn.  Bull, 
astron.  7  :  97.     1890. 

Hamv  &  BoyrET  (F.)  Proc<5d<5 
physique  pour  la  mesure  de  I'in- 
clinaison dufil  dc  d<?clinaison  dans 
les  instruments  m(5ridiens.  il.  Bull, 
astron.  7:  5  13,  1890. 
Meteors. 

BfszezvNSKi  (B.)  HyiwrboHschc 
balincn  lidlcr  niotcorc.  30 -|-  Ip. 
8'^' Thorn.     1890. 

Dknninc.  (\V.  F.)    Catalogue  of  918 
radiant  points  of  shooting  stars 
obHcrved  at  Bristol.    Month,  not. 
50  :  410-72.     1890. 
Micrometer  wires. 

}Iamv  (        )  I'lcxion  des  fils  micro- 
n><;lri(|ucs.     Bull,   astron.   7  :   49- 
53.     1890. 
Micrometers. 

Hofc.n  ({).  \V.)  Illumination  for  a 
position  micrometer.  Sid.  Mesa. 
9  :  161.    1890. 


Bibliography  of  Astronomical  Literature. 


87 


Hitchel  (Maria)  [1818-89]. 

Whitney  (M.  W.)  [Biographical 
sketch. 

For  Portrait,  see  Ibid,  49. 
Montigny  [1819-90]. 

[OniTUARV     notice.]     Bull,    astron. 
7  :  215.     1890. 
Moon. 
Marth  (A.)     Ephemeris  for  physi- 
cal   observations    of    the    moon. 
Month,  not.  50  :  467-72.    1890. 
Also,  Reprint. 

Nautical  almanac. 

Tennant    (J.     F.)     [Improvements 
])ropose<l  in  the  British]  nautical 
almanac.     Month,   not.  50  :  349- 
57.     1890. 
Webula  of  Orion. 

Pickering    (  W.   H.)     Photographs 
of  the  great  nebula  in  Orion.    Sid. 
mess.  9:1.     1890. 
Ifebulx. 

Young  (C.  A.)    News  from  the  neb- 
uhe.    Sid.  mess.  9  :  27-31.     1890. 
Nutation  {Diurnal). 

PoLiE  (F.)  Preuve  inattendue  de 
la  nutation  diurnc.  Astron. 
nachr.  123  :  303-8.     1890. 

Lehmann-Filh6s  (R.)  Bemerkun- 
gen  iilier  die  tagliche  nutation. 
Astron.  nachr.  124  :  377.     1890. 

Peters  (C.  H.  F.)  Tagliche  aber- 
ration Ijei  absoluten  planeten-und 
cometenbeobachtungen.  Astron. 
nachr.  124  :  263.     1890. 

Radau  (R.)     Quelqucs  mots  sur  la 
question  de  la    nutation    diume. 
Bull,  astron.  7  :  194-8.     1890. 
Observatories. 

Jahresberichte  der  stemwarten 
fiir  1889.  Vrtljschr.  d.  astron. 
gesellsch.  25  :  88-169.     1890. 

[Reports  of  EngHsh  observatories, 
1889].    Month,  not.  50:  183-216. 
1890. 
Orbits. 

Callandreau  (O.)  Representation 
g^om^trique,  due  h  Moebius,  des 
variations  des  elements  des  or- 
bites.     Bull  astron.  7:     1890. 

Gibus  (J.  \V.)  Determination  of  el- 
liptic orbits  from  three  complete 
observations.  Mem.  nat.  acad. 
sc.  4  :  79-104. 

Marth.  (A.)  Computation  of  the 
equation  of  the  centre  in  elliptical 
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For  The  Messengbr. 


The  great  activity  of  scientific  research  at  the  present  time 
cannot  be  regarded  without  astonishment.  Thousands  of 
investigators  in  all  parts  of  the  world  are  daily  bringing  to 
light  new  facts  of  the  greatest  interest  and  value.  And  es- 
pecially is  this  true  in  the  almvst  unexplored  domain  of  spec- 
troscopic astronomy.  Here  the  physicist  and  astronomer 
meet  on  common  ground,  and  their  combined  resources 
make  cJear  the  path  of  progress.  It  is  impossible  in  a  single 
paper  even  to  mention  all  the  objects  of  their  search,  but  a 
few  of  the  more  important  may  be  briefly  reviewed. 

Even  those  most  opposed  to  the  views  set  forth  by  Profess- 
or Lockyer  in  his  "  Meteoritic  Hypothesis,"  will  admit  their 
value  in  stimulating  enquiry,  and  already  many  uncertain 
points  have  been  cleared  up.  Professors  Liveing  and  Dewar 
have  repeated  and  extended  their  studies  of  the  magnesium 
spectrum,* proving  almost  conclusively  that  oxygen  is  neces- 
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sary  to.  the  production  of  the  green  fluting,  and  showing 
that  a  temperature  much  higher  than  that  of  the  Bunsen 
burner  is  involved  in  its  formation.  At  the  same  time  they 
were  not  able  to  obtain  the  fluting  in  the  presence  of  hydro- 
gen, and  were  inclined  to  believe  that  the  b  group  is  more 
characteristic  of  magnesium  at  a  low  temperature.  When  it 
is  remembered  that  hydrogen  is  clearly  present  in  the  nebulee 
with  no  trace  of  the  b  lines,  it  is  hard  to  accept  all  of  Pro- 
fessor Lockyer's  views  of  these  bodies,*  though  at  the  same 
time  it  would  not  be  wise  to  reject  them  entirely.  The  ques- 
tion as  to  the  presence  of  the  magnesia  fluting  in  the  nebula 
spectrum  is  not  yet  decisively  answered,  but  the  indications 
point  to  its  absence. t  The  difficulties  in  direct  comparison 
arise  from  the  uncertain  relative  motions  of  the  nebulae  and 
the  sun,  but  in  the  case  of  the  Orion  nebula  these  do  not 
enter  to  any  appreciable  extent.  The  character  of  the  neb- 
ula line  seems  to  most  observers  to  preclude  its  identification 
with  the  magnesia  fluting,  but  others  take  the  opposite 
stand. $  It  may  be  said  that  there  is  still  room  for  work  on 
this  important  subject,  but  observations  will  be  worthless 
unless  conducted  with  the  greatest  care,  and  with  a  knowl- 
edge of  their  degree  of  accuracy. 

Mr.  Keeler's  discovery  of  motions  of  the  nebulae  in  the  line 
of  sight  is  an  important  indication  of  spectroscopic  prog- 
ress as  it  signalizes  the  advent  of  high  dispersion  with  its 
attendant  advantages. §  The  fact  that  there  is  a  motion  is 
not  so  much  to  be  wondered  at  as  the  possibility  of  measur- 
ing it,  for,  as  Mr.  Keeler  remarks,  it  would  be  more  surpris- 
ing to  find  the  nebulae  at  rest*  than  in  motion.  The  small 
probable  error  of  these  measures  is  especially  to  be  noticed, 
and  in  the  observations  of  «  Bootis  the  comparison  of  Keel- 
er's results  with  those  obtained  photographically  by  Vogel.ll 
show  plainly  that  the  era  is  past  when  the  motion  of  a  star 
could  only  be  certainly  expressed  as  positive  or  negative.  •  It 
is  probable  that  the  anomalies  in  the  motion  of  Sirius  will 
soon  disappear  under  the  new  order  of  things. 

Double  stars  have  only  recently  become  special  objects  of 

•  Mctcoritic  Hypothmiii. 

t  SidtTt-nl  .MfHsciij^cr,  Augunt,  1890;   Pub.  A.  S.  P.,  No.  11  ;   Mcteoritic 
Hjrpothcnin,  p.  2U7. 

t  Sitlcrciil  McHJicngcr,  fanuarv,  IHUl,  p.  2'A. 
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spectroscopic  study,  but  now  it  is  known  that  the  prism  can 
multiply  about  five  thousand  times  the  power  of  the  object 
glass  in  separating  close  and  rapidly  revolving  pairs.*  By 
the  periodic  doubling  of  the  K  line  in  the  spectrum  of  Mizar 
Professor  Pickering  has  discovered  a  system  of  suns  with  a 
period  of  only  104  days,  and  a  combined  mass  forty  times 
that  of  our  central  luminary,  /i  Aurigfe  offers  an  even  more 
remarkable  example,  for  in  this  case  the  complete  revolution 
is  performed  in  only  four  daj's.  Similar  cases  maj'  at  any 
time  be  picked  up  on  the  Harvard  Observatory  plates,  for 
the  northern  skies  are  being  explored  at  Cambridge,  while  a 
party  sent  out  from  the  same  Observatory  to  South  America 
is  working  in  the  less  familiar  regions  of  the  heavens.  The 
studies  of  the  stellar  spectra  which  constitute  the  Draper 
Memorial  are  the  most  exhaustive  ever  undertaken,  and  the 
almost  daily  discoveries  of  stars  with  peculiar  spectra  are 
only  the  natural  results  of  such  diligent  search. 

The  latest  addition  to  the  growing  list  of  "  spectroscopic 
binaries"  comes  from  Professor  Lockyer's  Observatory  at 
South  Kensington,  where  Fraunhofer's  method  of  using  a 
prism  over  the  object  glass,  so  advantageously  employed  by 
Professor  Pickering,  has  been  adopted.  Photographs  of  the 
spectrum  of  «  Lyrae  show  a  periodic  doubling  of  the  lines, 
the  maximum  separation  corresponding  to  a  velocity  of  ^0 
miles  per  second  in  the  line  of  sight. t  A  period  of  24.68 
hours  was  deduced  by  Mr.  Fowler,  but  this  is  considered  by 
Professor  Pickering  as  too  short  to  allow  the  binary  nature 
of  the  star  to  escape  detection  in  the  large  number  of  photo- 
graphs made  at  the  Harvard  Observatory.!  He  believes 
that  the  doubling  of  the  lines  can  be  accounted  for  on  the 
supposition  of  a  very  elliptical  orbit,  in  which  case  the  du- 
plicity would  be  apparent  only  for  a  few  hours  at  periastron 
at  the  time  of  most  rapid  motion.  Or,  possibly,  the  pres- 
ence of  a  third  disturbing  body  may  cause  irregularities,  as 
is  the  case  in  r,  JJrsie  Majoris.  The  appearance  of  the  lines 
in  photographs  taken  at  predicted  times  of  doubling  will  be 
awaited  with  interest. 

It  has  been  supposed  for  over  a  century  that  the  varia- 
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tions  in  the  light  of  Algol  were  caused  by  the  interposition 
of  a  dark  satellite,  but  positive  proof  was  lacking  until  the 
spectroscopic  results  of  Vogel  in  1888  supplied  the  requisite 
evidence.*  In  its  motion  about  the  center  of  gravity  of  the 
two  bodies  Algol  alternately  moves  toward  and  from  the 
earth,  and  consequently  the  lines  in  its  spectrum  are  dis- 
placed first  toward  the  blue  and  then  toward  the  red.  A 
careful  series  of  measures  of  the  photographic  plates  gave  an 
orbital  velocit}'  of  26.3  miles  per  second  for  Algol,  and  its 
orbit  is  consequentl3'  some  two  million  miles  in  diameter. 
Assuming  the  same  mean  density  for  both  primary  and 
satellite  the  photometric  determination  of  the  loss  of  light  in 
eclipses  gives  a  rough  means  of  deducing  the  relative  masses^ 
and  the  system  has  thus  come  to  be  fairly  well  known. 
Algol  has  a  diameter  of  about  a  million  miles,  while  the  sat- 
ellite is  somewhat  smaller  than  our  sun.  Their  distance  of 
only  a  little  more  than  three  million  miles  from  center  to 
center  is  certainly  not  compatible  with  much  eccentricity  in 
their  orbits.  Only  a  few  months  ago  a  Yirginis  was  found 
by  Vogel  to  be  the  principle  member  of  a  similar  system  the 
period  being  about  4  days,  and  the  maximum  motion  in  the 
line  of  sight  about  56.6  miles.t 

In  the  study  of  stellar  spectra  apart  from  the  question  of 
motion  in  the  line  of  sight,  progress  is  almost  equally  rapid. 
It  is  unfortunate  that  the  method  employed  at  the  Harvard 
Observatory  precludes  the  use  of  comparison  spectra ;  the 
interposition  of  absorption  solutions  etc.,  in  the  path  of  the 
rays  has  been  wholly  without  success,  largely  from  the 
diffuse  nature  of  the  lines  thus  obtained.  As  yet  a  slit  is 
essential  in  determining  the  origin  of  any  line,  except  per- 
haps in  such  well.jiifirked  cases  as  the  hydrogen  series.  Dr. 
Vogel  has  obtained  i)hotogra])hs  sharp  enough  to  £illow  the 
identiticatiofi  of  a  large  number  of  lines  by  Scheiner,$  and 
Dr.  Huggins  has  found  the  two  lines  necessary  to  complete 
the  hydrogen  scries  in  Sirius,  as  well  iis  a  new  group  of  six 
lines  in  the  ultra-violet. 8  Perhaps  the  most  interesting  spec- 
troscopic information  recently  obtained  by  Dr.  Huggins  has 
been  with  regard  to  the  j)hotographic  si)ectruni  of  the  Great 
Nebula  in  Orion.    The  new  photographs  show  many  lines 

•  Antronominchc  Nachrichtcn,  No.  2»47.  +  Ihid,  No.  292a. 
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not  found  in  the  1889  plates,  and  especially  noticeable  is  the 
presence  of  h  and  H,  as  well  as  the  first  two  lines  of  the  h\'- 
drogen  series.  It  is  an  important  fact  that  these  lines  grow 
stronger  and  broader  as  the  Trapezium  is  approached,  and 
that  the  spectrum  diifers  considerably  in  other  particulars  in 
different  regions  of  the  nebuhi.*  A  complete  spectroscopic 
study  of  the  nebula  in  sections  is  evidently  very  desirable. 

The  changes  in  the  spectra  of  variable  stars  also  need  to 
be  carefully  studied,  and  Lockyer's  theory  of  variability- 
offers  at  least  a  basis  of  comparison. t  The  probable  com- 
plimentary relations  of  the  components  of  double  stars  as 
revealed  by  their  spectra  suggests  unlimited  possibilities  in 
still  another  direction.  And  solar  work  is  not  to  be  neg- 
lected. Though  the  prominences  have  been  observed  for 
more  than  twenty  years  the}^  still  have  many  secrets  to  re- 
veal. The  spectra  at  different  elevations  above  the  limb; 
the  unequal  distortions  of  different  lines  of  the  same  metal  ;$ 
the  identity  of  the  lines  widened  in  spots  at  various  times  in 
the  eleven  year  period,§  as  well  as  the  lines  reversed  in 
spots ;  these  are  a  few  of  the  many  subjects  still  open  to  in- 
vestigation. We  are,  moreover,  still  ignorant  of  the  true 
nature  of  "helium,"  and  the  presence  of  the  D,,  line  in  manj' 
star  spectra  renders  its  indentification  more  desirable  than 
€ver.  "Coronium"  also,  is  still  a  mystery.  But  the  exten- 
sive investigations  now  in  progress  in  Professor  Rowland's 
laboratories  will  soon  displace  the  highly  inaccurate  wave- 
length determinations  of  Angstrom,  Thalen,  and  other 
physicists  and  furnish  the  standard  measures  of  metallic 
lines  demanded  by  the  high  dispersion  now  employed.  It  is 
stated  that  Professor  Rowland  has  already  added  several 
elements  to  the  list  of  those  known  to  be  present  in  the  sun. 

The  importance  of  laboratory  work  becomes  daily  more 
apparent.  The  innumerable  results  of  telescopic  observa- 
tion must  be  interpreted,  and  peculiar  spectroscopic  appear- 
ances, if  possible,  reproduced.  Lockyer's  experiments  on  the 
spectra  of  meteorites  may  profitably  be  repeated  with 
higher  dispersion, ||  and  the  variations  of  spectra  at  different 
temperatures  offer  a  no  less  fruitful  field  of  study. ^    Pro- 

*  Sidereal  Messenger,  August,  1890,  p.  316. 

t  Meteoritic  Hypothesis,  p.  475.         ?  Chemistry  of  the  Sun,  p.  348. 
§  Ibid,  p.  310.  II  Proc.  Royal  Society,  vol.  43,  p.  117. 

II  Chemistry  of  the  Sun,  p.  194.    See  also,  Liveing  and  Dewar,  Proc. 
Royal  Society,  vol.  44,  p.  241. 
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fessors  Liveing  and  Dewar  are  especially  active  in  investiga- 
tions of  this  nature,  and  their  recent  studies  of  the  spectro- 
scopic properties  of  dust  are  very  significant.*  Crew,  Duner 
and  Wilsing  have  detected  a  difference  between  the  time  of 
rotation  of  the  sun  as  given  by  observations  of  the  spots 
and  measurements  of  wave-length  changes  at  the  limb. 
Numerical  relations  between  the  lines  in  the  same  and 
different  spectra,  first  noticed  by  Mitscherlich  and  investi- 
gated by  Lecoq  de  Boisbaudran,  have  been  studied  by  a 
large  number  of  physicists,  and  Ames'  recent  researches  on 
the  spectra  of  cadmium  and  zinc  establish  an  undoubted 
connection  of  the  greatest  interest.!  Examples  might  be 
multiplied,  but  enough  has  been  said  to  indicate  the  enviable 
opportunities  of  the  spectroscopist. 
Kenwood  Physical  Observatory, 
Chicago,  Jan.  19,  1891. 


ASTRONOMY   IN  RECENT  PUBLICATIONS. 

The  Astronomical  Journal,  Jan.  9, 1891,  has  for  its  leading 
article,  "The  Reduction  of  Astronomical  Photographic 
Measures,"  by  Harold  Jacoby.  The  theme  is  presented  by 
the  aid  of  geometrical  figures  and  mathematical  formulas. 
Then  follow  "Note  on  the  Elements  of  r  Cygni,"  "On  the 
Period  of  2100  U  Orionis,"  and  "Observations  of  Variable 
Stars  in  1890." 

The  Journal  of  the  British  Astronomical  Association,  No. 
2  of  Vol.  I,  is  for  November,  1890,  and  its  contents  contain  a 
report  of  the  meeting  of  the  Association,  on  Nov.  26,  1890,. 
paper  communicated  to  the  Association  by  A.  W.  Thomp- 
son on  the  determination  of  the  heliographic  latitude  and 
longitude  of  sun  spots;  by  A.  M.  W.  Downing,  on  the 
eclipses  of  Jupiter's  satellites;  by  S.  J.  Johnson,  on  British 
astronomical  sights  in  ancient  days,  and  by  A.  Stanley  Wil- 
liams, on  recent  observations  of  the  canals  and  markings  of 
Mar«. 

Knowledge  (London).  January  number  begins  Volume 
XIV,  and  is  handsomely  and  fully  illustrated.    The  full  page 

•  Sidcrcnl  McMncn>;cr,  Jun.  IHOl,  p.  9. 

t  I'hil.  Mttg.  [r,]  no,  (Ihuo)  p.  33. 
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plate,  by  the  direct  photo-engraving  process,  showing  a 
group  of  sun-spots,  taken  at  Meudon  June  1,  1881,  by 
Janssen,  with  an  object  glass  of  five  French  inches  aperture, 
is  a  noble  specimen  of  what  can  be  done  with  a  small  tele- 
scope. It  shows  the  structure  of  the  photosphere  of  the  sun 
well.  Two  such  plates  accompany  an  article  by  A.  C.  Ran- 
yard,  entitled  "The  Sun's  Photosphere." 

Observatory,  January,  1891,  gives  reports  of  the  meetings 
of  the  Royal  Astronomical  Society  December  12,  1890;  of 
the  Astronomical  Society  of  the  Pacific,  Nov.  20,  1890 ;  of 
the  Liverpool  Astronomical  Society  on  Dec,  1,  1890,  and  of 
the  meeting  of  the  Royal  Astronomical  Society,  Dec.  17, 
1890.  The  articles  are.  Bright-line  stars  of  the  Wolf-Raj'et 
type,  by  Miss  A.  M.  Gierke;  the  extension  of  the  corona  and 
the  details  of  its  structure,  by  F.  H.  Bigelow,  Washington, 
D.  C;  Motions  of  the  nebulae  in  line  of  sight,  by  J.  E.  Keeler 
of  Lick  Observatory;  Comet  Perihelia,  by  W.  E.  Plummer; 
the  proper  motion  of  -  547,  by  S.  W,  Burnham,  of  Lick  Ob- 
servatory. 

Astronowische  Nachrichten,  No.  3010,  has  a  timely  article 
on  provisional  results  of  observations  at  Berlin,  Potsdam, 
and  Prague,  concerning  the  variation  of  latitude  by  von  Th. 
Albrecht.  This  number  also  contains  a  series  of  observa- 
tions of  Comet  Spitaler  by  R.  Spitaler  himself  at  the  Royal 
Observatory  of  Wien-Wahring  under  date  of  Dec.  20,  1890, 
The  ephemeris  of  Comet  1890  IV  (Zona)  for  months  of  Jan- 
uary, Februarj'  and  March  is  by  A.  Berberich. 

Himmel  und  Erde  for  December  contains  a  leading  article 
on  the  theories  of  the  aurora,  with  a  fine  full-page  plate  as 
frontispiece.  Other  papers  are  on  the  S3'^stem  of  C  Cancri, 
photography  in  meridian  observations  and  a  description  of 
the  Observatory  at  Nice,  besides  a  number  of  brief  articles. 


Solar  Prominences  in  December  1890. 

DATE.  POSITION  ANGLE. 

2 120,  242,311. 

4 284,  302,348. 

12 75,  122,  148.  230,  320. 

19 80,160,227,240, 

20 45.  139,  226,229. 

22 45,  64,  150,  259,  274,  324. 

28 117,  243,  295  to  305,  280,  288,  320, 

Camden  Observatory,  January  1st,  1891.  E.  E.  Re£d,  Jr. 
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CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury,  for  the  first  few  days  of  February',  will  ht  visible  to  the  naked 
ej-e  in  the  morning  an  hour  before  sunrise.  He  will  at  that  time  be  onl\-  a 
few  degrees  above  the  southeastern  horizon.  On  the  morning  of  Feb.  7 
Mercur\'  will  be  just  above  the  moon.  Mercury  and  Jupiter  will  be  in  con- 
junction on  the  morning  of  March  5,  but  both  planets  will  then  be  too  near 
the  sun  to  be  seen  except  during  the  daj'. 


Path  of  Saturn  Among  the  Staus  in  1891. 

Venus  is  also  "morning  star."  All  early  risers  have  doubtless  been 
struck  with  the  brilliancy  of  this  jjlanet,  seen  toward  the  southeast  in  the 
morning,  up  to  the  time  of  sunrise  and  even  later,  far  surjjassing  the  bright- 
ness of  any  of  the  neighboring  stars.  During  this  month  the  brilliancy  will 
decrease  nearly  one-third  l)ccnuHc  of  the  increasing  distance  of  the  ])lanet 
from  us,  while  the  phase  will  change  from  crescent  to  gibbous.  On  Feb.  13 
thcdink  will  l)c  exactly  half  illuminated,  the  planet  In-ing  then  at  greatest 
elongation  west  fnim  the  siin,  40°  51'.  On  the  morning  of  Feb.  (>,  Venus, 
Mercury,  niid'thc  crescent  moon  will  form  an  interesting  triangle,  Venus 
l)cing  the  highest  and  most  westerly,  moon  and  Mercury  at  almost  eciunl 
attitudes,  Mercury  furthest  to  the  east. 
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Mars  has  an  apparent  diameter  now  of  only  5.6",  so  that  but  little  of 
detail  can  be  be  seen  upon  his  surface.  His  distance  from  the  earth  is 
about  170,000,000  miles.  He  is  moving  eastward  and  northward  among 
the  inconspicuous  stars  of  the  constellation  Pisces,  and  may  be  seen  in  the 
southwest  from  6  to  9  p.  M. 

Jupiter  will  be  in  conjunction  with  the  sun  on  the  morning  of  Feb.  13. 

Saturn  is  in  splendid  position  for  observation  after  midnight,  and  may 
be  well  observed  in  the  evening.  He  will  be  at  opposition  to  the  sun  March 
4.  The  earth  is  now  about  3°  below  the  plane  of  Saturn's  rings  while 
the  sun  is  a  little  over  4°  below  that  plane.  The  angle  of  the  earth 
below  the  plane  of  the  rings  will  for  a  few  months  increase,  but  that  of  the 
sun  will  steadih'  decrease  until  Oct.  30,  when  the  sun  will  pass  through  the 
plane  of  the  rings.  It  is  important  that  observers  begin  at  once  to  closely 
watch  the  changes  in  the  rings  so  as  to  verify  or  throw  some  light  upon  the 
phenomena  observed  by  Trouvelot  in  1878  (see  article  p.  74).  We  give  this 
month  Mr.  Marth's  ephemerides  of  the  satellites  for  the  benefit  of  those 
who  wish  to  study  the  phenomena  of  the  satellites.  We  give  also  a  dia- 
gram of  the  path  of  Saturn  among  the  stars  of  Leo  and  Virgo  during  the 
year  1891,  which  we  hojie  will  be  of  use  to  students  of  astronomy. 

Uranus  may  be  observed  after  midnight.  He  is  in  the  foot  of  Virgo 
about  10""  east  of  Spica  and  2.5°  south-west  of  x  A'irginis.  He  will  lie 
stationary-  in  right  ascension  Feb.  4,  and  after  that  date  will  have  a  retro- 
grade motion.  He  will  be  in  conjunction  with  the  moon,  soutb  2°  49',  Feb. 
28  at  4  A.  M.  central  time. 

Neptune  may  be  observed  in  the  evening.  He  is  still  in  the  same  field 
of  view  with  the  two  eighth-magnitude  stars,  west  of  e  Taiiri,  mentioned 
last  month.  The  i)lanet  is  about  a  half-magnitude  fainter  than  the  stars 
and  has  more  of  blue  color  in  its  light. 

Date.  R.  A. 

1891.  h      m 

Feb.    23 21  07.2 

Mar.    5 22  09.7 

15 23  15.7 

Feb.  23 19  17.8 

Mar.  5 20  03.6 

>5 2049.9 

Feb.  23 I  17.4 

Mar.   5 I  44-4 

15 2  II. 7 


Feb.   23 21  57.3 

Mar.    5 22  06.5 

15 22  15.5 


Feb.  23 II  06.1 

Mar.    5 II  03.2 

15 II  00.2 


MERCURY 

Decl. 

-  18   13 

-  13  40 

-  6  57 

Rises, 
h     tn 
6  06  A. 

6  09     " 
6  08     ' 

VENUS. 

M. 

Transits, 
h      m 

10  54.0  A. 

11  17.0      ' 
"   43-5     ' 

M. 

h 

3 
4 

5 

Sets. 

m 
42  P. 

25      • 
19     ' 

M 

-  19  40 

-  18  40 

-  16  48 

4  23  A. 

4  25     ' 
4  23     ' 

MARS. 

M. 

9  04.8  A. 

9  1I-3     ' 
9  18.0     * 

.M. 

I 

I 
2 

47  V. 
58     ' 

«3     ' 

M 

-    8  13 

+  lo  59 
+  13  34 

8  30  A. 
8  04     ' 
7  41     ' 

JUPITER. 

M. 

3  03.6  P. 
2  512     ' 
2    39.1     ' 

M. 

9 
9 
9 

42  p. 
39     ' 
38     ' 

M. 

-  13  19 

-  12  31 

-  II  42 

6   35  A. 

6  02     ' 

5  28     ' 

SATURN. 

M. 

II  45-OA. 
II   14.8     • 

10  44.4     • 

.M. 

4 
4 
4 

55  P. 
28     ' 
01 

M. 

+    8  07 
-f    8  26 
+    8  44 

6   15  P. 

5  32     ' 

4  48     ' 

M. 

12    50.6  A. 
12   08.4      • 
II    26.1   p. 

M. 
M. 

7 
6 
6 

26  A. 

45     ' 
04     ' 

M. 
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Date.  R.  A.  Decl. 

1890.  h      m  °      ' 

Feb.  23 13  57- 1  -  II  23 

Mar.  5 13  56.3  -  II  18 

15 13  55-2  —  II  12 

Feb.  23 4  09.4  +  19  23 

Mar.  5 4  09-8  +  19  25 

15 4  10.3  +  19  27 

Feb.  18 22  07.7  —  II  32 

23 22  26.9  —  9  44 

28 22  45.8  —  7  52 

Mar.  5 23  04.5  —  5  57 

10 23  23.0  —  4  00 

15 23  41.3  —  2  02 

Feb.  24 II  41.6  +  7  17 

28 14  43-5  +  13  27 

Mar.  5 18  29.7  -  25  35 

10 23  45.9  —  6  48 

15 4  26. 1  -\-  21  42 


URANUS. 
Rises, 
h     m 
10  23  p.  M. 

9  43     " 

9  02     " 

NEPTUNE. 

10  31  A.  M. 

9  51     " 

9  12     " 

THE  SUN. 
6   56  A.  M. 
6   48      " 
6  40     " 
6  31     " 

6   22      " 

6  13     " 

THE   MOON. 
6   36  P.  M. 

10  48      " 

3    18  A.  M. 
6   53      " 

9  09     '• 


Transits, 
h       ni 

3   4I-I  A.  M. 
3    OI.O       " 
2    20.6      " 


5  55- 1  P.M. 
5  16.1     " 
4  37-4     " 

12  14. 1  p.  M. 
12  13.5  " 
12  12.7  " 
12  II. 6  " 
12  10.4  " 
12    09.0       " 

I    22.5  A.  M. 
4  08.0      " 

7  38.0    «• 

12   33.7  p.  M. 

4  53-6     " 


Sets, 
h     m 

8  59  A.  M» 
8   19     •' 
7   39  A.  M. 

I    20  A.  M. 

12   41      " 
12   02      " 


5  32  P. M. 
5  39     " 
5  46     " 
5  53    " 

5  59    " 

6  05     " 

7  58  A.  M. 

9  19     " 

11  57    •• 

6  17  p.  M. 

12  48  A.  M. 


Phases  and  Aspects  of  the  Moon. 


Central  Time. 


First  Quarter 1891  Feb. 

Apogee "         " 

Full  Moon " 

Last  Quarter "       Mar. 

Perigee "         " 

New  Moon "        " 


15  12  29  p.m. 

23  Noon. 

9  18  p.  M. 
1  37     " 
6  40    " 
5   51  A.  M. 


23 
3 
9 

10 


Occultations  Visible  at  Washington. 


Date. 
Feb. 


Mar. 


star's 
Name. 


Maf^i- 
tude. 


IMMERSION. 
Wash.     Angle  f 'm 
N.  P't. 


17. ..132  Tauri 
18...C  Geminorum 
19. ..K  Geminorum 
21...B.A.C.  3206 
22.. .77  Iveonis 
24.., V  Virginia 
I... 4 1  Librae 


5-3 
3-2 
3-6 
6.3 
3-3 
4.0 

5-9 


Mean  T. 
h     m 
8  04 

7  57 
12  27 
10   47 

7  21 
12  59 
17  36 


62 
92 

65 
86 

19 

85 

180 


EMERSION. 
Wash.       Ang-le  f'm 
Mean  T.        N.P't. 

h  m 
9  27-8 
9  30-4 

13  22.5 
12  06.2 

7  25.9 

14  03.0 
18  14.8 


283 
265 
328 

325 
10 

350 
234 


Dura- 
tion, 
h  m. 
I  24 
I 
o 
I 
O 
I 
o 


33 
55 
IS 
04 
09 
39 


Minima  of  Variable  Stars  of  the  Algol  Type. 


[The  tinicH  are  given,  to  the  nearest  hour  of  Central  Time,  of  only  those 
minima  which  can  Ih:  observed  in  the  United  States.] 


U  CEPHKL 

K.  \ Oh  52'"  32* 

lied -f  Hl°17' 

I'criod 2(1  11»'G0'» 


Feb,  15 

22 

27 

Mar.    4 

9 

14 


Midn. 
11  v.u. 
11    " 
11    " 
10    " 
10    " 


ALGOL. 
R.  A 3''01' 


01' 


I>ccl +  40°  32' 

Period 2d  20»  49'" 


Feb.  17 

Mar.  1 

8 

6 


4  P.  M. 

3  A.  M. 

midn. 
9  p.  M. 


A.  TAURI 

R.  A 3"  54"' 35* 

Decl +  12°ir 

Period 3d  22'»  52'» 


Feb.  18 
22 

2(> 
Mar.    2 


7  P. 
6  • 
5  ' 
4    ' 


M. 
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R  CANIS  MAJ. 

R.  A 7*»14™30« 

Decl —  16°  11' 

Period Id  S^ie"" 

Feb.  21  7  P.  M. 

22         10    " 

24  1  A.  M. 

Mar.     1  5  p.  M, 

2  8    " 

3  midn. 

10  7  P.  M. 

11  10    " 

S.  CANCRI. 

R,  A 8"37'"39' 

Decl +  19°  26' 

Period 9d  11"  38"» 

Feb.  20  9  p.  M. 

Mar.  11  8    " 

S  ANTLI^. 

R.  A 9"  27™  30* 

Decl —28°  09' 

Period 7"  47™ 

Feb.  18         midn. 
19 
20         11  p.  M. 


S.  ANTLI^,  Cont. 

Feb.  21  10  p.  M. 

22  10    " 

23  9    " 

24  8    " 

25  8     " 

26  7    " 
Mar.    2  midn. 

3 

4  11  p.  M. 

5  10  p.m. 

6  10    " 

7  9    " 

8  8     " 

9  8     " 

10  7     " 

11  6    " 

14  midn. 

15  11  p.  M. 

S  LIBRAE. 

R.A 14»'55™06' 

Decl —  8°  05' 

Period 2d  07'»  51™ 

Feb.  22  1  A.  M. 

Mar.   1  1     " 

7  midn. 

14 


U  CORONA. 

R.A 15'>13™43' 

Decl +  32°  03' 

Period 3d  lO**  51"' 

Feb.  19  10  p.  M. 

Mar.  9  4  a.  m. 

U  OPHIUCHI. 

R.A 17»'10™56» 

Decl +    1°20' 

Period Od  20»' 08™ 

Feb.  18  4  a.m. 

18  midn. 

23  5  A.  M. 

24  1    " 
28  6    " 

Mar.    1  2    " 

5  6    " 

6  2  " 
11  3  " 
11  11  P.M. 


Apparent  Orbits  of  the  Seven  Inner  Satellites  of  Saturn,  May  17, 
1891,  AS  Seen  in  an  Inverting  Telescope. 
(The  Vertical  ScaJe  is  Twice  the  Horizontal  One.) 


Mr.  Marth's  Ephemerides  of  Saturn's  Satellites. 

[Reduced  to  Central  Time;  from  Monthly  Notices,  Vol.  LI.  Nov.  1890;  Dl  =  Dione- 
En.  :=  Enceladus;  Mi.  =  Mimas;  Kh.  =  Rhea:  Te.  =  Tethys;  Ti.  =  Titan;  e  -  conjunc- 
tion with  tlie  center  of  planet;  t  =  conjunction  with  following  end  of  ring;  p  =  conjunc- 
tion with  preceding  end ;  n  =  north ;  s  —  south  of  the  major  axis  of  the  rins ;  e  =  eastern 
elongation  ;  w  =  western  elongation.] 


1891 
Feb.    1      6.2  p.m.  Di.  ps. 
7.0  Mi.  fn. 

7. .5  Te.  pn. 

7.7  En.  ps. 

2    12.9  a.m.  Mi.  pn. 
1.9  Rh.  fn. 

2.0  DI.  fs. 

2.0  En.  fs. 
3.3            Te.  w. 
2.5;p.m.  Di.  e. 
5.6  Ml.  fn. 

6.1  Te.  fs. 


Feb.     3     6..5p.m.  En.  pn. 
11..5  Ml.  pn. 

3  2.0  a.m.  Te.  e. 

3.1  Di.  fn. 

4.2  p.m.  Mi.  fn. 
4.8  Te.  pn. 
9.0  En.  fn. 

10.1  Ml.  pn. 

11.4  Di.  w. 

4  12.«  a.m.Te.  w. 

3.3  En.  pn. 
3.5           Mi.  ps. 


Feb.    4    3.4  p.m.  Te.  fg. 
5.1  Rh.  fs. 

7.7  DI.  fs.  I 

7.8  En.  fs. 
8.7  Ml.  pn. 

11.3  Te.  e.     ] 

5      2.1  a.m.  Mi.  ps. 

3.7  p.m.  Rh.  e. 

7.3  Ml.  pn. 

8.7  DI.  fn. 

9.9  Te.  w. 
10.3  En.  ps. 
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Feb.    6    12.7  a.m.  Mi.  ps.    ; 

Feb.  15 

6.8  p. 

ni.  En.  te. 

4.5           Di.  pn.      , 

10.2 

-Mi.  fn. 

4.6           En.  fs.        1 

10.7 

Te.  f.s. 

3.2  p.m.  Tit. 

11  y 

Uh.  pn. 

inf.  c.  n.  10"   1 

16 

4.1  a 

m.  .Mi.  jm. 

5.0           Di.  w.        1 

4.9 

En.  fn. 

6.0          Mi.  pn.      1 

2.9  p 

m.  Te.  fn. 

8.6           Te.  e. 

3.4 

Mi.  fs. 

».l           En.  pn. 

7.3 

Di.  fn. 

11.2           Rh.  pn. 

8.8 

Mi.  fn. 

11.4           Mi.ps. 

!i.:t 

En.  ps*. 

7      4.4a.m.Te.  fn. 

ii.it 

Te.  pn. 

4.(1  p.m.  Mi.  pu. 

10.5 

Rh.  w. 

7.2           Te.  w. 

17 

2.7  a.m.  Mi.  pn. 

9.8           Rh.  w. 

3.1 

Di.  pn. 

10.0           Mi.  p8. 

3.7 

En.  fs. 

11.6           En.fn. 

3.6  p 

m.Di.  w. 

8      l.»a.m.Di.  e. 

7.4 

Mi.  fn. 

3.0           Te.  p8. 

8.1 

Eu.  pn 

4.0  p.m.  En.  ps. 

8.5 

Te.  Iff. 

5.«           Te.  e. 

9.1 

Rh   p8. 

8.4           Rb.  ps. 

IS 

1.3  a 

.m.Mi.  pn. 

8.6           Mi.  ps. 

4.2 

Di.  ps. 

10.2           DI.  pn. 

4.3 

Te.  e. 

10.4           En.  fs. 

6.0  p 

m.Mi.  fn. 

9      1.7  a.m.Te.  fn. 

7.1 

Te.  pn. 

2.5           Mi.  fs. 

10.6 

En.  fn. 

2.8  p.m.  En.  pn. 

11.9 

Mi.  pn. 

4.5           Te.  w. 

19 

12.5  a 

m.Di.  e. 

7.2           Ml.  ps. 

2.9 

Te.  w. 

11.2           Di.ps. 

4.7 

Rh.  e. 

10    12.3  a.m.Te.  ps. 

3.1  p 

m.En.  ps. 

12.0           En.  ps. 

4.6 

Mi.  fn. 

l.l           Ml.  fs. 

5.8 

Te.  fs. 

3.1  p.m.Te.  e. 

8.8 

Di.  pn. 

6.4           En.  fn. 

9.4 

En.  fs. 

5.8           Ml.  ps. 

10.5 

Mi.  pn. 

7.5           DI.  e. 

20 

1.6  a.m.Te.  e. 

TO.O          Te.  fn. 

3.2 

Rh.  fn. 

10.7           En.  pn. 

3.2  p 

m.Mi.  fn. 

10.7           Mi.  fs. 

4.4 

Te.  pn. 

11      2.«a.m.Rh.  fn. 

0.2 

Ml.  pn. 

1.8  p.m.Te.  w. 

9.8 

Di.  ps. 

8.8           DI.  pn. 

11.9 

En.  ps. 

4.2           En.  fs. 

21 

12.2  a.m.Te.  w. 

4.4           Mi.  ps. 

2.6 

Mi.  ps. 

9.6           Te.  ps. 

3.1  p 

m.Te.  fs. 

10.3           Ml.  fs. 

4.4 

Kn.  fn. 

13      2.2  a.m.  En.  fn. 

6.1 

DI.  e. 

3.7           Ml.  fn. 

7.S 

-Mi.  pn. 

4.3           Di.  w. 

10.7 

En.  pn 

4.6           Te.  fs. 

10.9 

Te.  e. 

4.8  p.m.  Di.  ps. 

22 

1.2  a 

m.  Mi.  ps. 

6.7           Kn.  pH. 

12.0  p 

m.Tlt. 

M.2           Te.  III. 

1 

nf.  c.  n    12' 

8.U           Ml.  fs. 

1.7  p 

m.Te.  pn. 

13    12.6  a.m.  Di.  t«. 

2.4 

DI.  pn. 

1.0           En.fs. 

3.2 

Kn.  fs. 

2.3           Mi.  fn. 

0.4 

Rh.  fs. 

3  2           Te.  pn. 

6.4 

Ml.  pn 

5.5  p.m.  En.  pn. 
5.7           Rh.  fs. 

9.5 

Te.  w. 

23 

3.5 

DI.  ps. 

6.U           Te.  ps. 
7.«           Ml.  fs. 

5.0 

Rh.e. 

8.2 

Te.  e. 

11      l.Oii.ui.MI.  (n. 

24 

3.0 

I(h.  fn. 

•       1.7          DI.  fn. 

8.0 

.Ml.  fit. 

l.U          Te.  fs. 

4.5 

Kn.  pn 

H.5          Kn.  pa. 

6.8 

'I'e.  w. 

4.3  p.m.  Rh.  e. 

9.0 

Ml.  ps. 

fi.r>          T»  fn. 

26 

12.3  a 

ni.  Dl.fn. 

6.3           Ml.  to. 

12.6 

Rh.  pn 

H.o           Kn.  fn. 

2.0 

Kn.  pn. 

M           Tit. 

2.6 

T».  ps. 

■up.  c.  s.  13" 

2.9 

Ml.fs. 

10.0           DI.  w. 

5.6  p 

m.Te.  e. 

It.a          Ml.fn. 

7.0 

Kn.  fn. 

15    13.5  n.m.  Tn.  pn. 

7.6 

Ml.  ps. 

3.4           Kn.  pu. 
3.V  p.m.Kh.  fn. 

N,6 

DI.  w. 

11.1 

Rh.  w. 

4.3           T«.  P«. 

4.N           Ml.  fH. 

30 

1.8  a 

m.Te,  fn. 

1.4 

Kn.  pn 

e.>        VI.  u. 

1.6 

Ml.    fN 

1       Feb.    2C    4.1p.m.Te.  w. 

4.!i  Di.  fs. 

5.S  En.  fs. 

C.2  Mi.  ps. 

'.t.7  Rh.  ps. 

ll.'.»  Te.  ps. 

i.'7    12.1  a.m.  Mi.  fs. 

3.9  En.  fn. 

2.S  p.m.Te.  e. 

4.9  Mi.  ps. 

5.9  Di.  fn. 

.8.3  En.  ps. 

10.6  Te.  fn. 

10.8  Mi.  fs. 
28      1.7a.m.Di.  pn. 

2.7  En.  fs. 
I                         1.4  p.m.  Te.  w. 

2.2    ■       Di.  w. 
!  3.5  Mi.  ps. 

7.1  En.  pn. 

9.2  Te.  ps. 

9.4  p.m.  .Mi.  fs. 
Mar.     1      2.8  a.m.  Di.  i>s. 

2.8  Mi.  fn. 

3.9  Rh.  fn. 
4.2           Te.  fs. 

12.0  m.     Te.  e. 

12.9  p.m.  Rh.  ])n. 
2.1  Mi.  ps. 
7.9  Te.  fn. 
8.0  Mi.  fs. 

I  9.6  En.  fn. 

!  11.1  Di.  e. 

2  1.4  a.m.  Mi.  fn. 
2.9  Te.  pn. 

4.0  En.  pn. 

2.1  p.m.Kn.  ps. 
C.2  Tit. 

sup.  p.  8.  14' 

6.5  Te.  ps. 

6.6  Mi.  fs. 
7.4  Di.  pn. 
8.4           Kn.  fs. 

12.0  mIdn.Mi.  fn. 

3  1.5  a.m.  Te.  fs. 

I  12.9  p.m.  En.  pn. 

5.2  Te.  fn. 
5.2  Mi.  fs. 

Rh.  fs. 
Di.  ps. 
Mi.  fn. 
En.  ps. 
'e.  pn. 


70 

S.4 
10.6 
10.9 
12  2  a.m 

2.2  Di.  fs. 

3.4  p.m.  En.  fn. 


3.8 

3.8 
4.7 
5.6 
9.2 
9.7 
10.8 


Te.  ps. 
Ml.  fs. 
DI.  e. 
Rh.  e. 
.Ml.  fn. 
10 n.  pn. 
Te.  fs. 


3.1  a.m.  Ml.  pn. 
1.0  p.m.  DI.  pn. 

Kn.  fs 


2.4 
2.4 
4.2 

7.8 
9.4 


Te.  fn. 
.Ml.  fs. 
Rh.  fn. 
Mi.fn. 
Te.  pn. 


12.3  u.m.Kn.  fn. 
1.2  Rh   pn. 

1.5  DI.  w. 

1.8  Ml.  nn. 

1.0  p.m.  Ml.  fs. 

1.1  Te   ps. 
2  I  DI.  ps 
4.7            Kn.  ps. 
»1.:.           .Ml.  fn. 
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COMET   NOTES. 


Periodic  Comets  due  in  1891. — Four  periodic  comets  are  due  this  year. 
All  are  telescopic,  and  all  but  one  have  been  observed  at  more  than  one  ap- 
parition. 

Tempel's  first  periodical  comet,  discovered  by  Temple  in  1867,  is  due  in 
April  unless  its  period  has  lx;en  changed  bj'  perturbations  since  1879.  It 
was  observed  in  1873  and  1879  l)ut  escaped  detection  in  1885.  The  jieriod 
i  s  a  few  days  less  than  six  j'ears. 

Wolfs  comet,  1884-  III,  was  found  by  Thraen  {Astr.  Nach.,  2790  p.  97) 
to  have  a  period  of  6.775  \'ears.  It  should  be  at  perihelion  in  August,  1891. 
There  is  some  uncertainty,  however,  about  the  elements,  so  that  the  comet 
may  appear  earlier  or  later  than  the  designated  time. 

Swift's  comet,  1880  V,  known  now  as  Temple-Swift's,  is  due  at  perihe- 
lion in  October.  Its  jjeriod  is  5.50  years.  It  was  first  observed  by  Tempel 
in  1869.  and  is  unfavorably  situated  for  observation  at  alternate  returns 
to  perihelion.    It  probably  will  not  lie  detected  this  year. 

Encke's  comet  is  due  in  the  same  month,  October.  This  comet  has  lieen 
seen  at  every  return  since  Encke  determined  its  period  in  1818-19.  The 
problem  of  the  "  resisting  medium  "  or  the  cause  of  the  gradual  diminution 
of  the  period  of  this  comet  has  not  been  satisfactorily  solved,  so  that  much 
interest  still  attaches  to  the  successive  apparitions. 


Comet  1890 (Spitaler  Nov.  16)— Dr.  Spitaler  has  computed  the  ele- 
ments of  this  comet  from  his  own  observations  of  Nov.  16,  Dec.  4  and  Dec. 
13  (Astr.  Nach.  3009),  and  finds  that  the  orbit  is  not  parabolic.  Mr.  Ros- 
manith  computed  the  following  elliptic  elements,  which  show  that  the  comet 
is  one  of  sh  ort  period. 

T    =  1890  Oct,  26.50833  Bcriin  M.  T. 
n    =  58°  24'  28.2"  ) 
Q    =  45    07   51.2     [  1890.0 
I     =  12    51   49.0     J 
«p    =  28    11   26.6 
log  a  =  0.537532.        a  =  3.4477. 
1.1    -=.  554.2" 
Period  =  6.4  Years. 

The  perihelion  distance  is  1.819  and  the  aphelion  distance  5.076  times 
the  earth's  distance  from  the  sun.  The  comet  is  so  faint  as  to  be  seen  only 
with  telescopes  of  verj*  large  aperture.  In  Astr.  Nach.  3010.  Dr.  Spitaler 
suggests  that  the  comet  has  described  this  orbit  only  since  1887,  for  in  the 
latter  part  of  that  year  it  was  at  its  descending  node  very  near  to  Jupiter, 
and  probabh-  suffered  great  perturbations. 


Zona's  Comet  will  be  almost  stationary  in  right  ascension  and  declina- 
tion during  the  month  of  February.  Its  place  is  about  5°  west  and  a  little 
north  of  Alpha  .\rietis  in  the  head  of  The  Kam.  Its  theoretical  brightness 
is  less  than  one  fifth  that  which  it  had  when  discovered. 


102 


The  Sidereal  Messenger. 


Ephemeris  of  Comet  e  1890  (Zona  Nov.  15).  From  the  elements  of 
my  orbit  as  given  in  the '•  Sidereal  Messenger"  for  January'  I  have  com- 
puted the  following  e[)hemeris: 


Gr.  M.  T. 

App.  R. 

A. 

App.  Dec. 

h        m 

8 

o              / 

Feb.    1.5 

1     31 

30 

+  25    44 

2.5 

31 

15 

25    41 

3.5 

31 

0 

25    38 

4.5 

30 

45 

25    36 

5.5 

30 

32 

25    34 

6.5 

30 

19 

25    32 

7.5 

30 

7 

25    30 

8.5 

29 

56 

25    28 

9.5 

29 

46 

25    26 

10.5 

29 

38 

25    24 

11.5 

29 

32 

25.   22 

12.5 

29 

26 

25    21 

13.5 

29 

21 

25    20 

14.5 

29 

18 

25    19 

15.5 

29 

16 

25    18 

16.5 

29 

15 

25    17 

17.5 

29 

15 

25    17 

18.5 

29 

16 

25    16 

19.5 

29 

18 

25    16 

20.5 

29 

21 

25    16 

21.5 

29 

25 

25    16 

22.5 

29 

29 

25    16 

23.5 

29 

34 

25    16 

24.5 

29 

40 

25    16 

25.5 

29 

47 

25    17 

26.5 

29 

55 

25    17 

27.5 

30 

4 

25    17 

28.5 

1     30 

14 

-f  25    18 

Logr. 
0.4652 

0.4699 

0.4745 

0.4791 

0.4836 

0.4882 

0.4927 


Log//. 
0.4737 

0.4889 

0.5038 

0.5179 

0  5312 

0.5438 

0.5556 


The  theoretical  light  of  the  comet  on  Feb.  28  will  be  less  than  half  that 
on  Feb.  1.  O.  C.  Wendell. 

Harvard  College  Observatory,  Jan.  14,  1891. 


Carletoa  College  Sun-spot  Observations.    (Coritinned  from  page  37.) 


Date 
IWO. 


Dm.  » 

34 

27 

M 

IWl. 

Jan.  S 
» 

A 

T 

H 
M 
U 

ir> 

17 
10 

3« 


Central 

i 

s 

1 

Time. 

o 

1 

m 

13.40  p  m 

2BT. 

2.15    '• 

4 

3   " 

U.UOatn 

S 

1    " 

12.00    " 

I 

I    " 

19.00    •• 

0 

12.00    •• 

0 

2.00  pm 

0 

S    " 

2.4n    " 

4 

1    '• 

12.40    " 

2 

1    •' 

12a«    " 

0 

0    " 

loon  li  m 

V 

0    " 

12.2r>  |)  m 

1 

1    •' 

12  4f.    •• 

4 

10,30  A  III 

2 

4 

1    •' 

2.4Ap  m 

2 

S 

1    " 

Observer. 


C.  R.  W. 
H.C.  W. 


C.  K 


UiMiiarks. 


FhouIiii'  W. 
Fticnluc  \V. 
Fiiculiu'  i;. 
FiKruliu'  N  W 


W. 


LarRn  nr.  of  fiic.  K.    .SpotH  Hinall. 


Ijirici*  npnt  K. 

Two  Hiniill  MpotM  N.  W .     (>iii>  larK<<  mid  one 
MiiiallN|i(it  S.  K.     l''a('iila<>  K. 
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Smith  Observatory  Solar  Observations.    The  following  were  observed 
Tvith  the  helioscope  unless  otherwise  specified : 


Dec.  17 

IS 

19 

21 

23 

27 

29 

30 

Jan.    3 

4 

5 

(i 

7 

8 

9 

13 

14 

15 

17 

18 

19 


90  Merld 
M.  T. 


3.30  p  in 
9.30  a  in 
3.45  p  ni 
3.00     " 
1.25    " 
11.00  a  m 
10.00    " 
2.00  p  m 
4.00    " 
1.00    •' 
2.30    " 
11.45  a  in 
11.15    •• 
9.30     '• 
11.30     " 
11.40    " 
11.15     " 
12.00    m 
1.45  p  III 
3.30     " 
10.00  a  ra 


O. 

li 

ai 

a 

0 

u 

0 
0. 

3 
S 

Seeing. 

O 

m 

fa 

1 

7 

0 

poor. 

2 

15 

0 

poor. 

2 

4 

0 

poor.* 

2 

2 

0 

fair.* 

0 

0 

0 

fair.       ! 

1 

4 

0 

fair. 

1 

4 

2 

fair.* 

1 

3 

1 

poor. 

0 

0 

0 

bad. 

0 

0 

0 

poor. 

0 

0 

2 

fair. 

0 

0 

1 

fair. 

2 

1 

1 

poor. 

0 

u 

u 

bad. 

0 

0 

(» 

fair. 

0 

0 

0 

poor. 

0 

0 

u 

bad. 

1 

1 

2 

Kood.    1 

3 

» 

1 

ffood. 

4 

4 

1 

poor. 

5 

14 

1 

good. 

REMARKS. 


Gran.  fine. 

Group  ii»-ar  N.E.  and  S.W.  IlmbH. 

Glimpsed  for  a  moment  in  clouds. 

<iraii.  plain;  fac.  about  each  group. 

Gran.  fair. 

(i  ran.  (rood. 

Fac.  N'.W.  limb  and  around  spots. 

Fac.  N'.W.  limb. 

Bad  definition. 

Had  detliiitioii. 

Fac.  near  K.  and  W.  limbs. 

Suspect t-d  spots  farming;  N.E.  larKe.  »rr.  fac  S.E. 

("ould  not  count  spots  (3  In  N.E.  gr.?( 

Could  distinguish  nothing. 

Gran.  fair. 

Detluition  poor,  high  wind. 

Could  distinguish  nothing. 

Kac.  around  spot  ami  also  north  of  It. 

Large  typical  spot ;  penumbra  tlnely  marked. 

Impossible  to  count  spots  in  one  group. 

At  12  in.  2  small  spots  had  appeared  In  fac. 
group:  at  1.30  a  new  spot  just  outside  penum- 
bra of  large  spot;  unusual  actlvit.v. 


Projection  on  20  cm.  circle. 
Belolt,  Wis.,  20  Jan.,  189i. 


Chas.  a.  Bacon. 


Interesting  Phenomena.  Under  date  of  Jan.  12.  Professor  C.  M.  Char- 
roppin,  S.  J.,  of  St.  Charles,  Mo.,  writes  concerning  interesting  phenomena 
observed  in  his  localitj'.  On  the  evening  of  Jan.  ^4,  at  6  o'clock,  at  an  alti- 
tude of  35°  or  40°  southeast  of  Polaris,  a  very  luminous  object  was  seen. 
Those  who  observed  it  claim  that  it  looked  like  the  tail  of  a  comet,  though 
much  brighter,  and  ot  a  reddish  hue.  Though  Professor  Charroppin  did  not 
see  the  object,  he  thitiks,  from  the  description  of  others,  that  it  was  ellip- 
tical in  shape,  with  major  axis  vertical,  and  probably  occujning  40'  or  50' 
of  arc;  that  it  was  stationary  and  continued  for  five  minutes,  and  then  dis- 
appeared. He  is  unable  to  give  a  satisfactory-  explanation  of  the  phenome- 
non, and  suggests  that  other  readers  of  The  Messenger  may  have  seen  it. 

He  further  says  that  on  the  18th  of  December  he  was  at  the  Observa- 
tory of  Capt.  Petitdedier,  who  has  a  12-inch  reflector  made  by  himself. 
The  night  was  fair,  and  the  six  stars  in  the  Trai^eziumor  OOrionis  api^eared 
distinctly  with  a  power  of  300.  The  moon  was  nearing  first  quarter  and 
had  just  passed  culmination.  The  mirror  of  the  instrument  lieing  well  cor- 
rected gave  no  color  whatever.  Mons  Christi  was  just  loomitig  up  Ijevond 
the  terminator.  The  peak  was  ver^-  bright,  and  showed  some  of  the  pris- 
matic colors.  It  appeared  to  Professor  Charroppin  and  his  friend,  the  cap- 
tain, like  the  reflection  of  the  morning  sun  striking  a  mountain  covered 
with  icicles.  Different  ej'e-pieces  were  tried  with  the  same  result.  No  sign 
of  color  could  be  seen  on  any  other  mountain  of  the  moon.  This  high  peak 
was  the  only  one  then  visible  beyond  the  tfrminator. 

As  Professor  Charroppin  is  inclined  to  favor  the  theory  that  the  moon 
is  covered  with  ice  and  snow;  he  is.  of  course,  interested  to  know  if 
•others  have  made  the  same  observations. 
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NEWS   AND   NOTES. 

It  is  taken  for  granted  that  subscribers  who  have  not  renewed  or  signi- 
fied a  wish  for  the  continuance  of  The  Messenger  prefer  that  it  should 
be  stopped,  and  we  have  done  so.    In  passing  names  to  a  new  book  mis- 
takes ma}'  have  been  made.     Errors  will  be  promptly  corrected  if  friends 
will  notifv  us. 


To  present  Dr.  Huggins'  valuable  paper  as  a  whole,  and  to  give  place  to 
other  important  new  matter,  we  have  added  sixteen  pages  to  this  number 
more  than  usual.  The  definitive  work  of  the  spectroscope  rightW  claims 
large  place  in  an  account  of  the  progress  of  astronomy  at  the  present  time. 


We  notice  with  pleasure  that  a  full  account  of  James  E.  Keeler's  study 
of  Jupiter  duiing  the  year  1889  has  been  published  in  German  in  Himmef 
und  Erde.  The  reproduction  of  his  eight  drawings  of  the  surface  markings 
of  the  planet  is  admirable. 

Although  we  have  added  much  to  our  space  this  time,  we  have  not 
found  room  for  considerable  matter  to  aid  in  the  study  of  the  constellations 
which  has  been  already  proposed.  It  was  our  plan  to  present  this  month, 
a  map  of  the  constellation  of  Orion  and  call  attention  first  to  features 
readily  seen  by  the  naked  eye,  then  further  study  by  the  opera-glass,  and 
finally  notice  the  work  done  by  telescopes,  large  and  small.  We  are  not 
sure  that  such  an  outline  study  will  be  very  useful,  but  it  will  be  tried  in 
the  hojje  that  it  will  elicit  comment  from  those  interested,  when  it  appears, 
to  guide  us  in  further  attempts  of  a  similar  kind. 


Foreign  subscriljers  will  please  remember  that  the  post  office  at  North- 
field  18  not  a  foreign  monej-  order  oifice.  All  foreign  money  orders  in  favor 
of  the  Messe.nger  should  \x  drawn  on  the  post  office  at  St.  Paul  or  at 
Faribault. 

With  great  regret  a  little  while  ago  we  learned  of  the  affliction  of  Pro- 
fessor Daniel  Kirkwood,  of  Riverside,  California,  in  the  sudden  death  of  his 
wife,  by  heart  failure,  which  occurred  Nov.  8,  1890.  It  is  indeed  a  beautiful 
and  a  brave  spirit  that  can  say,  as  he  did,  in  such  trying  circumstances, 
"  The  Lord  gave  and  the  Lord  hath  taken  away." 


DrcBfJen  Aatronomical  Observations,  Three  very  neat  volumes  ol'  as- 
tronomical obnervationH,  in  (piarto  form,  have  been  received  from  H. 
D'lJnglchnrdt,  of  Drenden.  One  volume  was  issued  in  188()  and  the  other 
two  for  1800,  The  firnt  part  for  last  year  contains  micrometrical  observa- 
tionii  of  the  iintellitcit  of  Saturn,  observations  of  planets  and  comets,  double 
NtnrR  of  Bradley,  and  other  imp<#tant  lists  made  nminly  since  1887.  The 
nccond  Vf)lnmc  given  a  (lcHcri|ition  of  the  astronomical  instinnicnts  and 
buildingH  of  the  Olmervatory  at  DrcHdeti. 
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Astronomical  Expedition  to  Peru.  Professor  William  H.  Pickering 
sailed  from  New  York  for  Arequipa,  Peru,  on  December  20,  accompanied  by 
Mr.  A.  E.  Douglas  and  Mr.  R.  D.  Vickers,  who  will  assist  him  in  his  astro- 
nomical work.  The  Harvard  College  Observatory  has,  until  recently,  occu- 
pied a  station  on  Mount  Harvard,  near  Chosica,  in  Peru,  where  under  the 
direction  of  the  Messrs.  Bailey,  photographs  of  the  southern  heavens  have 
been  obtained  with  the  Bache  photographic  telescope,  ajx-rtiire  8  inches, 
focal  length  -44  inches.  Measures  of  the  light  of  the  bright  and  faint  stars 
have  also  been  made  with  the  meridian  photometer.  These  measures  will 
furnish  the  material  for  determining  the  magnitudes  of  the  southern  stars 
brighter  than  the  magnitude  6.3,  and  thus  extending  the  •'  Harvard  Pho- 
tometry "  to  the  South  Pole.  Measures  have  also  been  obtained  of  stars  of 
the  ninth  magnitude  and  brijrhter,  distributed  in  zones  similar  to  those  re- 
cently published  in  Vol.  XXIV  of  the  H.  C.  0.  Annals.  Inconsequence  of  the 
long  duration  of  the  rainy  season  at  Mount  Harvard,  the  instruments  have 
been  removed  to  .\requipa,  which  has  an  elevation  of  about  8,000  feet 
above  the  sea  level,  where  a  station  has  been  established.  There,  under  the 
direction  of  Professor  W.  H.  Pickering,  the  photometric  observations  will 
Ije  completed  and  the  work  of  the  Bache  telescope  continued  and  extended. 
The  plan  of  work  for  this  instrument  is  to  cover  the  sky  from  — 20°  to  the 
south  pole;  first  with  chart  plates  having  10  minutes'  exposure;  second 
with  chart  plates  having  60  minutes'  exposure;  third  with  spectrum  plates 
having  10  minutes' exposure;  and  fourth  with  spectrum  plates  having  60 
minutes'  exposure.  Each  of  these  researches  will  cover  the  sky  twice,  so 
that  at  least  eight  photographs  of  every  bright  star  will  lie  obtained.  It  is 
further  proposed  that,  while  the  instrument  remains  in  Peru,  the  first  of 
this  series  of  plates  be  repeated  each  year,  in  order  to  furnish  a  means  of  de- 
termining and  discussing  variability  or  large  proper  motion  in  the  stars. 
Professor  Pickering  has  taken  with  him  the  Boyden  photographic  telescope, 
aperture  13  inches,  which,  until  lately,  has  been  employed  in  photograph- 
ing the  objects  of  interest  in  the  heavens  which  could  be  advantageously 
obtained  at  the  station  on  Wilson's  peak  in  southern  California.  With  this 
instrument  he  will  continue  to  photograph  the  moon,  planets,  double  stars, 
clusters  and  nebulae.  In  addition  to  this,  by  placing  a  prism  over  the  ob- 
ject glass,  the  spectra  of  the  brighter  southern  stars  will  loe  obtained  with 
this  instrument,  on  a  scale  which  will  render  the  photographs  comparable 
with  those  of  the  northern  stars  obtained  with  the  11-inch  Draper  telescope 
at  Cambridge,  thus  extending  this  important  investigation  also  from  pole 
to  pole.  A  meteorological  station  will  be  attached  to  the  Observatory  at 
Arequipa,  which  will  furnish  interesting  records  of  atmospheric  conditions 
prevailing  at  this  elevation.  The  series  of  meteorological  observations  at 
Vinconcaya,  elevation,  14,600  feet;  at  Puno,  elevation  12,500  feet;  and  at 
MoUendo,  near  the  sea  level,  will  also  be  continued.  The  Messrs.  Bailey, 
who  at  present  have  charge  of  the  observing  station  at  .\re{iuipa,  will 
probably  return  to  Cambridge  in  April,  bringing  with  them  the  meridian 
photometer. 

Professor  W.  A.  Crusenherrv,  of  Drake  University,  Des  Moines,  Iowa, 
is  planning  for  astronomical  work  and  is  getting  a  small  telescope  in  place 
for  it. 
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Stars  Having  Peculiar  Spectra — New  Variable  Stars  in  Aquarius  and 
Delphinus.  [Communicated  by  Edward  C.  Pickering,  Director  of  Harvard 
College  Observatorv.]  Photographs  of  stellar  spectra  taken  at  the  Har- 
vard College  Observatory,  with  the  8-inch  Draper  telescope,  continue  to  add 
to  the  list  of  interesting  objects  in  the  heavens.  On  plate  2533,  taken  Dec. 
19,  1890,  the  star  D.  M.  +  63^  83,  magn.  9.5,  whose  approximate  position 
for  1900  is  in  R.  A.  0''  37.5"",  Decl.  +  64°  14',  shows  a  spectrum  consisting 
mainly  of  bright  lines,  and  similar  to  that  of  the  Wolff  and  Rayet  stars  in 
Cj'gnus.  On  plate  2224  taken  November  8, 1890,  bright  hydrogen  lines  are 
visible  in  the  spectrum  of  a  star  whose  approximate  position  for  1900  is  in 
R.  A.  20''  41.2'",  Decl.  —  4°  26'.  Chart  plates  of  the  region  were  examined 
which  proved  the  variabilitA'  of  this  star.  The  following  approximate  mag- 
nitudes were  obtained,  8.6,  8.6,  8.4,  9.1,  and  9.6,  on  Oct.  18,  Nov.  8,  Nov. 
13,  Dec.  12,  and  Dec.  15,  1890.  Another  A-ariable  star,  having  a  similar 
spectrum,  was  found  on  plate  2542,  taken  Dec.  20,  1890.  Its  approximate 
position  for  1900  is  in  R.  A.  20''  43.1'",  Decl.  +18°  58'.  Chart  plates  of  this 
region  were  also  examined,  and  the  star  was  found  to  be  fainter  than  the 
tenth  magnitude  on  June  30,  July  29,  Aug.  15,  S>ept.  25,  Sept.  29,  Oct.  11. 
and  Oct.  28,  1890,  while  on  Nov.  28,  Dec.  19,  and  Dec.  22,  1890,  it  had  the 
approximate  magnitudes  9.3,  8.6,  and  8.7.  M.  Fleming. 

Harvard  College  Observatory,  Cambridge,  Mass.,  Jan.  13,  1891. 


Honors  for  Professor  C.  A.  Young:  The  readers  of  The  Messenger 
will  be  interested  to  learn  that  the  Janssen  jjrize  for  1890  by  the  French 
Academy  of  Sciences  has  Ijeen  awarded  to  Professor  Charles  A.  Young,  of 
Princeton,  for  his  discoveries  in  spectroscopy. 


The  Explosion  of  a  Meteor.  The  Ohio  State  Journal,  Dec.  20,  1890, 
contains  a  brief  account  of  the  explosion  of  a  meteor  near  Utica,  Ohio,  at 
9  o'clock  on  the  evening  of  December  18.  The  concussion  was  noticed  by 
many  people  and  was  preceded  In'  a  bright  red  light  which  illuminated  the 
sky  in  the  direction  of  northwest.  Persons  residing  about  three  miles 
northwest  of  I'tica  say  the  shock  was  "stunning'*  in  that  vicinity.  At 
I'tica  two  distinct  shocks  were  felt,  the  first  slight,  the  second,  after  an  in- 
terval of  a  few  minutes  strong  enough  to  shake  houses.  The  tremor  was 
like  an  earthcpiaUe.  Professor  John  Haywood,  of  Ottcrbein  University, 
Wester villc.  Ohio,  situated  about  25  miles  southwest  from  Utica,  says  he 
saw  a  light  through  the  north  window  of  a  building  where  he  happened  to 
\}e  at  the  lime.  Other  persons  at  Westerville  snw  the  light  and  heard  a 
report  which  they  sujjposed  to  be  thunder.  We  hope  to  get  a  fuller  report 
of  thche  phenonjciia  in  the  near  future. 


A  Correction,  k  is  sometimes  dnngerous  to  correct  one  error,  as  in 
0])cninK  your  mouth  to  do  it  you  may  let  slip  another.  That  is  what  I 
did  laNt  month  in  Haying  incidentally  that  Sirius  is  60  times  our  sun  in 
maNM.  The  Hlatcment  wouhl  l)e  improved  by  a  decimal  point  after  the  <». 
ICrn^r  of  one  (1)  in  the  eharncteristic  of  the  logarithm!  The  school-boy 
who  cumniiltcd  it  in  digrnced  and  diHcharged.  N.  M.  Mann. 
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New  Variable  Stars  near  the  Cluster  5  M  Librae.  Through  some  unac- 
countable oversight  I  omitted  mentioning  my  observation  upon  another 
star,  the  south  component  of  a  wide  pair  just  following  the  cluster.  In  the 
Astr.  Nachr.,  No.  2986,  Professor  Pickering  communicates  a  note  bj'  Mrs. 
Fleming  fully  confirming  the  A-ariability  of  both  stars  from  a  careful 
discussion  of  seventeen  photograjjhic  plates  at  Harvard  College  ObserA-a- 
tory.  The  following  are  the  resulting  light  ranges  and  magnitudes:  For 
the  star  s.  preceding  the  cluster  (marked  a  in  the  chart)  a  variation  of  1.9 
mag.  is  found,  from  9.7  to  11.6,  and  for  the  star  immediately  s.  following 
the  cluster  (marked  h  in  the  chart)  a  variation  of  2.9  mag.  is  found,  from 
9.3  to  12.2,  while  the  comparison  stars  used  (marked  1,  2,  and  3)  are  of 
magnitudes  9.5,  11.0,  and  12.2  respectively.  The  accompanying  chart  is 
identical  with  one  taken  on  the  night  of  June  9th,  and  will  serve  to  identify 
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Thk  V.\kiahlk  Staks  Around  5  M  Libr-ij. 


these  mysterious  objects  and  their  comparison  stars  excepting  No.  1,  which 
is  18' or  20' south  of  cluster  and  preceding  the  bright  star  5  Serpentis; 
hence  it  cannot  be  included. 

The  cluster  5  Messier  is  one  of  the  most  beautiful  of  its  kind,  and  easily 
resolvable  with  a  moderate  ajierture,  and  from  its  position,  well  situated 
for  observation  in  both  hemispheres.  The  existence,  therefore,  of  two  new 
variables  among  the  brightest  of  its  outlying  stars  will  considerably  en- 
hance its  interest,  and  affords  another  instance  of  the  association  of  vari- 
able stars  with  dense  star  clusters.  D.  E.  Packer. 

London,  1890,  Nov.  10. 


T.  /.  /.  See,  Student  in  Astronomy  at  the  University  of  Berlin,  Prussia, 
has  kindly  furnished  us  with  an  outline  of  the  mathematical  work  and  a 
drawing  showing  the  results  of  his  new  theory'  as  applied  to  the  system  of 
y  Virginis.  His  paper  on  the  eccentricity  of  the  orbits  of  binary  stars, 
elsewhere  printed  in  this  issue,  gives  the  principal  points  of  the  theory. 
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Photographic  .Votes. —  A  body  known  as  the  American  Photographic 
Conference  has  been  recently  organized  in  New  York  city.  The  conference 
proposes  to  estabHsh  a  photographic  institute  where  instruction  will  be 
given  in  various  branches  of  photographic  work. 

A  photographic  plate,  exposed  in  Algiers,  has  brought  out  4-, 800  stars 
in  the  region  of  the  nebulous  spot  in  the  constellation  Lyra.  The  plate 
took  a  record  of  3  square  degrees. 

The  Harvard  Peru  expedition  is  about  to  be  reinforced  by  the  anival  of 
improved  instruments.  Among  these  instruments  is  a  new  photographic 
telescope  of  twent3'-four  inches  aperture. 

In  the  November  number  of  Monthly  Notices  of  the  Royal  Astronomical 
Society,  Mr.  H.  C.  Russell,  writing  of  celestial  photographs  taken  at  the 
Sydney  Observatory,  makes  the  following  statement:  "Certain  it  is  that 
these  fHctures  presen^  the  Milky  \Va_v  in  an  entireh*  new  light,  quite  diflfer- 
ent  from  the  telescopic  or  naked-e\x  view,  and  give  it  such  a  different  aspect 
that  the  question  arises  which  are  we  to  accept  ?  It  seems  evident  that  the 
photograph  may  be  made  to  present  the  stars  to  us  under  an  aspect  quite 
different  from  that  presented  to  the  eye,  because,  by  continued  exposure, 
the  faint  stars  may  have  time  to  produce  as  much  effect  as  brighter  stars, 
laecause  the  effect  is  limited  by  the  amount  of  silver  in  the  film,  which,  when 
altered  by  the  bright  star,  stops  any  further  effect  of  that  star,  while  the 
faint  ones  may  go  on  piling  up  their  effect." 

In  the  same  publication  Mr.  Russell  has  a  pai)er  on  "Electrical  Control 
of  Drive  Clocks." 

Knowledge,  of  January,  contains  two  beautiful  jjhotographs  of  the 
sun's  surface  taken  by  Dr.  Jules  Janssen. 


Albert  Lea  Scientific  Association.  The  meeting  of  the  Science  Associa- 
tion at  Albert  Lea,  Minn.,  on  January  20,  was  largelj'  attended.  The 
])aper  that  attracted  special  attention  and  which  elicited  considerable  dis- 
cussion was  given  by  Mr.  I).  G.  Parker,  the  theme  being  the  Nebula  Hy- 
])othe8i8.  It  was  pre])ared  for  a  popular  audience.  The  first  ]mrt  of  the 
iiddress  treated  the  subject  historically  and  theoretically,  giving  atten- 
tion chiefly  to  the  princip.il  i)t)ints  in  proof  of  thv  support  of  the  nebular 
theory.  The  last  part  deals  with  the  weak  jioints  of  the  theory,  and  the 
modificatiouH  made  by  late  writers  to  meet  objections.  The  latter  part  of 
the  theme  will  Ix*  presented  at  a  subsequent  meeting.  Such  pa])ers  and 
such  popular  gatherings  are  exceedingly  heli)ful  in  lifting  the  common  thought 
to  a  plane  of  activity  and  individual  study  from  which  must  come  only 
good  results.  Kvery  small  town  ought  to  awaken  and  sliniulatc  an  inter- 
est in  science  for  the  common  good.  There  is  home  ability  enough  for  it  if  a 
few  thoughtful  i>ersons  will  counsel  together  and  plan  to  make  use  of  it. 

Aatronomicnl  Instruments.  A  recent  catalogue  of  fistronomica!  instru- 
ments by  Jns.  \V.  Oucen  nnd  Company,  of  Philnrlfl|iliin.  has  l)een  received. 
\Vc  arc  agreeably  surprised  to  find  in  it  so  large  and  varied  n  line  of  fine  as- 
tronomical inHtrumcntn.  The  showing  for  (|uality  and  size  of  instruments 
in  vcrv  tTrditJiblr. 
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Meteor  Radiants.  I  regret  that  in  my  article  on  Meteor  Radiants  I  did 
not  do  full  justice  to  Mr.  Denning's  unwearied  assiduity  as  an  observer. 
Some  of  his  remarks  led  me  to  think  that  he  had  not  watched  during  whole 
nights,  but  I  find  that  they  are  susceptible  of  a  different  meaning.  The 
only  inference  which  I  drew,  however,  was  that  a  radiant  which  appeared 
to  be  isolated  in  Mr.  Denning's  Catalogue  need  not  be  so  in  reality,  and  this 
inference,  I  think,  his  own  list  of  Stationary  Radiants  is  sufficient  to  estal> 
lish. 

As  to  the  charge  of  making  "harassing  att£tcks,etc.,"  on  Mr.  Denning,  I 
may  perhaps  mention  that  my  other  letters,  etc.,  to  which  he  refers  are 
written  in  the  same  tone  as  my  article  in  The  SinERE.\L  Messenger;  and  I 
would  not  have  founded  my  conclusions  almost  exclusively  on  his  cata- 
logue if  I  did  not  entertain  the  highest  opinion  of  his  qualities' as  an  ob- 
server. Whether  I  have  attacked  him  or  he  has  attacked  me  I  leave  vour 
readers  to  judge;  but  I  have  no  desire  to  retaliate. 

His  argument  that  because  1  am  not  myself  an  observer  I  have  no  right 
to  form  any  theory  about  meteors  seems  to  me  a  strange  one.  Are  mv 
friend  Mr.  Gore's  orbits  of  double  stars  worthless  becarse  he  has  not  (as 
perhaps  he  has  not)  ever  measured  the  distance  and  position-angle  for  him- 
self? But  at  all  events  Mr.  Denning  in  his  prefatorj'  remarks  to  his  cata- 
logue throws  down  his  facts — intimates  that  he  has  no  theory  to  propound 
— and  invites  others  to  carry  on  the  investigation.  This  I  have  endeavored 
to  do,  and  for  this  endeavor  I  am  denounced  as  an  ignorant  blunderer. 
This  does  not  hold  out  a  very  inviting  jjrospect  to  others  who  may  feel  dis- 
posed to  enter  on  a  branch  of  investigation  indicated  bv  Mr.  Denning  him- 
self. 

Mr.  Denning  seems  in  doubt  as  to  what  my  views  are.  Permit  me 
therefore  briefly  to  relate  them,  leaving  out  some  explanations  which  I  al- 
ways considered  doubtful.  They  are:  1.  Stationary  or  long-enduring  ra- 
diants are  not  the  exception  but  the  rule,  and  this  rule  may  even  l>e  an  in- 
variable law.  2.  This  being  so,  the  connection  between  certain  showers 
and  certain  comets  cannot  be  so  close  as  has  hitherto  been  supposed.  3, 
No  decided  case  of  shifting  in  a  radiant  has  as  yet  been  established.  Now 
on  the  first  two  of  these  propositions  Mr.  Denning  has  not  in  any  of  his  at- 
tacks on  me  given  a  decided  opinion,  and  he  merely  negatives  the  third  by 
his  ipse  dixit.  With  this  ipse  dixit  I  should  rest  satisfied  if  the  question 
was  one  of  pure  observation ;  but  it  plainly  is  not  so.  To  establish  the 
shifting  of  the  Perseid  radiant  from  3°  -\-  49°  on  the  8th  of  July  to  78° 
+  58°  on  the  22d  of  August  it  would  be  necessarj-  to  set  out  all  the  ra- 
diants between  3°  -|-  4-9°  and  78°  -}-  58°  which  were  observed  during  the 
intervening  time,  to  state  the  reasons  for  rejecting  some  of  them  as  not  be- 
ing Perseids,  and  to  show  that,  omitting  these,  the  remainder  exhibit  a  con- 
tinuous change  in  R.  A.  and  Decl.  And  even  then  observations  made  in 
other  countries  should  be  compared,  seeing  tluit  during  the  great  Andro- 
mede  shower  of  1885  Mr.  Denning  (supported  by  Col.  Tupman)  noticed  a 
shifting  in  the  direction  of  decreasing  R.  A.,  while  Schiaparelli  and  Denza  in 
Italy  observed  a  shifting  in  the  opposite  direction.  A  radiant  area,  in 
w^hich  the  point  of  maximum  intensity  varies  with  the  conditions  of  time 
and  place  aflfords  perhaps  the  best  explanation  of  such  phenomena. 

Dublin,  Dec.  13th,  1890.  W.  H.  S.  MoxcK. 
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BOOK  NOTICES. 

Xew  Light  from  Old  Eclipses:  or  Chronolog3-  Corrected,  and  the  Four  Gos- 
pels Harmonized,  b3'  the  Rectification  of  Errors  in  the  received  Astro- 
nomical Tables.  By  William  M.  Page.  C.  R.  Barnes  Publishing  Co., 
St.  Louis;  1890.  pp.  590. 

This  book  is  evidenth*  written  by  a  seeker  after  truth  and  one  who  is 
actuated  by  a  worth}-  purpose.  The  li>>ht  sought  is  needed,  and  the  way 
to  the  place  where  light  dwells,  as  indicated  by  the  writer,  is  not  to  be 
despised,  for  science  is  asked  to  aid  where  sacred  chronology  is  in  doubt. 
The  use  made,  however,  of  the  materials  is  open  to  objection,  as  must  be 
easil}'  seen  b\'  any  careful  reader  able  to  judge  of  the  facts.  Let  us  look  at 
a  few  instances : 

The  Introduction,  consisting  of  ten  pages,  covers  well  the  point  of  the 
uncertainty  of  earl}-  chronology  from  the  best  of  historical  sources.  Then 
the  question  is  asked,  in  the  first  chapter,  have  we  an}-  means  outside  of 
the  testimony  of  ancient  historians  by  which  the  three  dates  of  the  birth 
and  crucifiction  of  Christ  can  be  determined  ?  The  author  answers  affirm- 
atively and  seeks  to  prove  his  position  by  a  study  of  the  data  of  eclipses. 
He  thinks  the  proof  would  be  easy  if  existing  astronomical  tables  were  not 
so  inaccurate;  and  hence  his  first  duty  is  to  show  wherein  and  how  much 
these  tables  are  wrong,  and  he  cites  the  differences  between  the  successive 
lunar  intervals  of  1860  and  1861  as  shown  by  Bailey's  tables,  and  then  says 
on  pages  16  and  17  that  because  astronomers  are  not  content  with  these  ob- 
served errors  they  "have  formulated  a  theory  which  adds  to  them,"  mean- 
ing of  course  the  acceleration  of  the  moon's  me.'in  motion.  If  we  under- 
stand the  author's  meaning  in  this  connection,  we  think  he  claims  there  is 
no  such  thing  as  a  secular  acceleration  of  the  moon's  mean  motion.  In  this 
he  is  certainly  wrong,  for  scarcely  any  fact  in  astronomy  is  better  estab- 
lished than  this.  On  pages  18  and  19  the  author  thinks  that  if  the  tables 
were  changed  a  little,  the  calculation  of  certain  early  eclipses  by  them 
would  be  in  accord  with  the  times  of  their  observation  as  recorded  in  his- 
tory ;  but  the  chronology  of  history  has  before  been  declared  wholly  un- 
trustworthy for  definite  results,  and  should  the  author  now  use  its  dates  as 
an  exact  standard,  by  which  to  judge  of  the  accuracy  of  his  corrected 
tables?  By  so  doing  he  trezits  well  known  facts  of  astronomy  as  false  and 
8ct8  aside,  as  of  no  ct)n8e(iucnce,  some  of  the  best  work  of  which  the  master 
mind  of  Laplace  was  capable.  We  had  always  Ix'fore  given  that  renowned 
Frenchman  the  credit  of  knowing  how  "to  do  a  sum  in  simple  division  in 
arithmetic."  On  page  27,  it  is  said  that  the  eclipses  referred  to  do  not 
prove  the  moon's  acceleration,  but,  on  the  contrary,  the  errors  of  the  tables. 
Evidently  the  author  does  not  understand  the  elementary  astronomy  of 
thin  nubjcct,  or  he  never  would  have  written  this  page.  Wliat  has  been  dis- 
covered in  aHtrononiy  is  in  i)erfect  kcei)ing  witii  the  laws  of  Nature  gen- 
erally, nnd  the  revealed  will  of  God  in  the  Bible,  and  when  he  says  that 
God'M  "lawn,  whether  for  the  ri'gulation  of  the  heavenly  bodies  or  for  the 
action  of  men,  are  forever  the  Hanie,"  he  certainly  does  not  mean,  as  a  be- 
liever in  the  Bible,  to  ))roclaim  the  eternity  of  material  existence  in  its  pres- 
ent form.     If  tills  is  not  the  meaning  of  the  i)nragraph  we  do  not  know 
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what  it  means.  On  page  28  the  author  assumes  that  astronomers  are  not 
as  much  interested  in  correct  tables  as  they  ought  to  be.  We  are  sure  he 
does  not  understand  the  facts,  or  he  would  not  have  made  such  a  state- 
ment. At  the  bottom  of  the  same  page  he  saj's  "the  corrected  tables,  a» 
seen  below,  make  this  eclipse  (B.  C.  481,  April  19)  to  have  taken  place  at 
nine  minutes  past  six  in  the  morning  of  April  19."  The  computation  on 
page  30  gives  that  as  the  time  of  conjunction,  but  parallax  is  left  out,  and 
that  alone  would  accelerate  the  ecli])se  by  about  two  hours ;  the  middle  of 
an  eclipse  has  a  very  loose  connection  with  the  time  of  conjunction.  We 
have  not  space  to  pursue  this  stud}'  further  except  to  call  attention  to  a 
few  more  points : 

P.  45,  first  paragraph,  same  error  as  before  noted.  Second  paragraph 
the  contrary  is  proved  from  that  assumed.  In  the  third  paragraph  the 
point  claimed  does  not  seem  to  us  to  be  established  by  the  Bible  reference. 

P.  47,  the  same  reference  unsatisfactory. 

P.  49,  same  error  as  before  noted. 

P.  55,  assumption  in  first  paragraph  unwarranted. 

P.  56,  the  admission  of  the  second  paragraph  is  fatal. 

In  reading  fifty  pages  we  find  what  seems  to  us  grievous  errors  number- 
ing more  than  a  score.  Now  we  are  sorry  to  find  such  a  piece  of  work 
coming  from  the  pen  of  a  man  whom  good  people,  who  know  him,  would 
gladly  trust  as  an  author,  esiiecially  since  another  scholarly  man  of  wide 
reputation  has  given  added  currency  to  this  book  by  his  explicit  endorse- 
ment of  it.  True  men  ought  to  be  more  careful  and  not  allow  themselves  to 
be  caught  in  this  way. 


One  Life;  One  Law.    By  Mrs.  Myron  Reed,  New  York;  John  W.  Lovell 

Company,  150  Worth  Street,  Corner  Mission  Place,    pp.  223. 

This  is  chiefly  a  book  that  deals  with  science,  philosophy  and  religion. 
It  has  scarcely'  nothing  to  say  about  astronomy,  and  hence  what  we  shall 
have  to  say  of  it  must  be  in  general  terms  through  the  ej-es  and  mind  of  a 
layman,  especiallj'  in  regard  to  philosophy  and  religion  and  some  of  the 
sciences  upon  which  it  draws  for  its  materials. 

This  book  is  divided  into  ten  chapters  with  the  following  titles  :  The 
Word  Spoken  with  Authority,  The  Power  of  Spirit,  The  Law  of  Natural 
Selection,  Variations  Under  Four  Heads:  (1)  The  Struggle  for  Existence, 
(2)  Inheritance,  (3)  Use  and  Disuse,  (4)  Surroundings;  The  Readiness  for 
the  New  Kingdom,  The  Laws  of  the  New  Kingdom,  The  Character  of  Job 
and  Prayer. 

The  first  chapter  sets  out  the  principle  of  love  and  the  authority  that 
goes  with  it,  and  closes  with  the  statement  that  God  is  spirit,  and  spirit 
is  all.  In  the  second  chapter  the  power  of  the  Spirit  is  spoken  of,  and  the 
statement  is  made  that  "every  obedient  child  goes  through  three  distinct 
processes  in  his  spiritual  growth."  At  first,  he  recognizes  in  some  measure 
the  spirit  he  is  of.  This  is  the  new  birth  which  is  a  birth  of  consciousness. 
Then  he  enquires, '  What  is  God  ?'  This  question  is  in  the  province  of  philos- 
ophy, and  here  he  must  look  for  its  answer.  Having  received  one,  he  can 
not  be  sure  of  its  authorit}',  and  asks,  'How  can  1  prove  that  these  things- 
are  true  ?"  For  answer  he  is  directed  to  science,  and  in  her  domain  he  finds 
that  God  is  divine  principle  working  always  by  I     v." 
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We  are  not  sure  that  we  have  the  authors  meaning  in  regard  to  what 
the  new  birth  is.  It"  by  the  ne%v  birth  is  meant  the  origin  of  consciousness 
as  said  on  page  27,  then  certainly  the  Bible  idea  of  this  state  of  the  human 
soul  is  a  very  dift'erent  one,  and  \Yholly  incompatible  with  it.  If  God  is 
onh'  Divine  Principle,  as  we  commonly  use  the  word  princi[)le,  then  God  is 
not  a  person:  neither  is  there  a  personal  agent  acting  as  a  cause  to  produce 
the  new  birth  as  an  affect.  That  means  that  the  whole  question  of  sin,  as 
tmderstood  in  common  Christian  doctrine  is  at  once  read  out  of  man's  na- 
ture and  all  the  wickedness  of  this  life  is  not  charged  to  the  account  of  |3er- 
sonal  being  at  all.  The  conseqiiences  of  such  a  belief  are  easily  understood 
by  those  who  believe  in  the  cardinal  doctrines  of  Christianity. 

The  chapter  treating  of  the  book  of  Job  is  just  what  might  be  expected 
from  the  views  mentioned  in  previous  ones.  The  book  is  treated  as  an  epic 
poem,  and  the  statement  is  made  that  "probably  no  Bible  student  of  this 
day  believes  that  a  man  by  the  name  of  Job  ever  lived  in  a  land  bearing  the 
name  of  Uz."  If  we  imderstand  the  expressed  views  of  every  leading  evan- 
gelist of  to-day  that  we  know  of,  including  D.  L.  Moody,  that  is  exactly 
what  they  believe.  Ever^'  believer  in  plenary  inspiration,  as  it  is  called, 
must  hold  such  views,  and  they  do  most  conscientiously. 

In  the  last  chapter  the  need  and  office  of  prayer  are  not,  ns  it  appears 
to  us,  stated  in  such  a  way  as  to  be  consistent  with  previous  positions. 
We  have  not  space  to  speak  of  this  at  length.  As  a  whole,  the  book  is  a 
neat  Sj)ecimen  of  the  printers'  art,  and  we  wish  as  much  could  be  said  of 
the  writer's  part  of  it. 

Upward  Steps  of  Seventy  Years.    Bj'  Giles  B.  Stebbins.  Publishers,  Messrs; 

John  A.  Lovell  Companv,  14-2  to  150  Worth  Street,  New  York  Citv. 

pp.  308. 

This  book  is  autobiographic,  biographic  and  historic.  As  a  whole  it  is 
well  written,  and  mingles,  in  rather  ])Ieasing  way,  the  three-fold  features  of 
its  storj'  esixrcially  in  its  earlier  chapters,  barely  intimating  certain  views  en- 
tertained by  the  author  which  become  more  ])ronounced  in  the  later  ones. 
The  reader  is  given  to  understand  that  Unitarianism  and  I'niversalism  were 
the  doctrines  that  brought  broad,  free  ideas  to  the  i)eople  who  were  under 
the  narrow  bondage  of  Puritanism,  and  on  page  43  this  sentence  occurs: 
"Thus  it  became  possible  for  Theodore  Parker  to  stand  before  the  largest 
Protestant  audiences  in  Boston  and  j)reach  in  Music  Hall  for  vears,  saying 
frankly  and  manfully  that  the  BilJle  was  a  human  book,  valuable  but  falli- 
ble— to  be  judged  l)y  our  reason,  but  never  to  be  set  up  as  authority  over 
us.  To-day  lilR-ral  ministers,  esj)ecially  Unitarians.  Iwgin  to  take  the  same 
ground,  and  many  of  the  i)e(»ple  are  in  advance  of  most  of  the  clergy.'' 
After  finding  such  slatments  as  the  above,  we  are  not  surprised  to  find  the 
xiuthor  later  avowing  the  belief  of  spiritualism,  and  treating  its  modern 
manifcitntions  ns  a  glorious  and  inspiring  reform.  Of  course,  the  true  be- 
liever has  n<i  controversy  with  such  views.  He  pities  the  jxmr  mortal  who 
<locs  not  know  any  iwtter  than  to  put  evil  for  good  and  light  for  <larkness. 
A  true  Christian  knows  and  constantly  warns  such  deceived  teachers  of 
the  eonsc(|uences  that  will  inevitably  follow  such  a  course.  When  we 
o|icnrd  this  book  we  ho|)cd  to  fitui  something  better  than  we  had  t'ounil  in 
•omc  other  lK)ok»  recently  received  ;  but  in  this  we  are  disappointed.  The 
book  ii  wrongly  titled. 
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HOW  to  make  good  meridian  observations. 

TRUMAN   HENRY  SAFFORD.* 
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First  Article. 

Photography  has  been  so  perfected,  that,  as  I  have  else- 
where shown,  it  has  rendered  needless  for  the  future  a  good 
deal  of  the  meridian  observing  like  that  done  in  the  past ; 
and  especially  needless  such  observations  as  have  been  hur- 
riedly done  owing  to  the  existence  of  many  stars  very  close 
to  one  another.  For  where  the  stars  are  most  crowded  it  is 
easiest  to  take  accurate  photographs,  and  the  zero  points 
needed  for  the  plates  can  be  obtained  quite  as  much  at  leis- 
ure as  in  other  parts  of  the  heavens.  A  plate  of  2°  10' square 
will,  in  such  a  crowded  part  of  the  sky,  contain  more  stars 
easily  reached  by  a  meridian  circle  of  moderate  size,  and  a 
better  selection  of  them,  as  to  convenience  in  observing,  can 
be  more  readil3^  made.  For  example,  on  the  plate  whose  cen- 
ter would  be  the  Trapezium  in  the  Orion  nebula,  there  are 
fourteen  stars  of  the  seventh  magnitude  or  brighter,  and 
about  twenty-four  of  the  eighteenth.  But,  on  the  other 
hand,  the  observations  to  be  so  made  must  be  thoroughly 
accurate.  Immense  improvements  have  been  made  within 
half  a  century,  both  in  instruments  and  observing;  and 
work  which  in  1840  was  quite  of  standard  character  is  now 
far  inferior  to  the  best  that  can  be  done.  How  then  shall 
astronomers  bring  their  work  of  this  kind  up  to  the  very 
highest  degree  of  perfection  ?  I  venture  to  offer  some  sugges- 
tions, derived  from  at  least  forty  j^ears'  experience ;  first  as 
pupil,  then  as  assistant,  and  finally  in  charge  of  meridian 
instruments  of  the  first  quality;  during  some  years  also  as 

•Williams  College,  Williamstown,  Mass. 
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geographical  astronomer  using  portable  transits  of  various 
degrees  of  excellence. 

The  first  series  of  suggestions  I  have  to  make  refer  to  the 
Observatory.  The  best,  in  theory,  for  success,  is  a  mere  tent 
or  hut;  and  for  winter  it  is  better  to  employ  as  simple  a 
shelter  as  possible,  so  that,  all  things  considered,  an  Observ- 
atory for  permanent  meridian  instruments  should  not  have 
too  thick  walls.  A  house  with  a  strong  wrought  iron  frame, 
covered  with  corrugated  or  galvanized  iron,  like  the  Field 
Memorial  Observatory  at  Williamstown,  is  both  strong 
enough  not  to  be  swayed  by  the  high  winds,  and  thin 
enough  to  permit  of  a  free  circulation  of  air  and  equalization 
of  temperature;  so  that  I  have  far  better  seeing  here  than  I 
used  to  enjoy  at  Harvard  College  Observatory  from  1850  to 
1866.  It  is,  of  course,  needful  to  have  wide  slits  from  north 
to  south,  and  to  ventilate  the  transit  rooms  ver^'^  thorough- 
ly before  beginning  to  observe.  The  width  of  slit  should  be 
not  less  than  three  feet,  or  a  meter  for  an  ordinary  meridian 
circle;  the  room  should  be  spacious  enough  to  prevent  too 
large  an  eifect  of  temperature  changes  on  the  metallic  parts 
of  the  instrument. 

The  instrument  itself,  whether  transit,  vertical  circle,  or 
meridian  circle,  should  have  the  solidity  of  modern  mechani- 
cal engineering.  When  machinery  was  not  so  highly  devel- 
oped as  it  is  now,  the  instruments  of  astronomy  were 
awkwardly  and  unsymmetrically  constructed;  and  a  good 
many  traditions  of  that  time  still  survive  among  the  inex- 
perienced instrument  makers.  Nor  have  the  attempts  to 
ap{)ly  machine  work  to  astronomical  instrument  making 
always  been  perfectly  successful.  The  last  touches  given  by 
skilliul  hand-work  to  the  various  ])arts  of  the  instrument 
are  the  tiling  which  renders  it  fit  for  the  most  delicate  obser- 
vations. Artists  like  the  successive  heads  of  the  firm  of  Rep- 
sold  &  Sons  do  as  much  for  the  ])crfcction  of  observations  as 
the  observers  themselves. 

There  are  a  number  of  special  points  about  the  best  mod- 
cm  nieridi.'in  instruments  which  are  noteworthy.  The  ob- 
ject-glasses are  made  as  perfect  as  possible,  so  that  the 
center  of  the  image  shall  be  symmetrically  placed  ;  or,  tech- 
nically, the  collimation  shall  be  the  same  for  bright  and  faint 
stars.     The  illumination  of  the   field   is  ellected    through   a 


How  to  Make  Good  Meridian  Observations.        115 

small  mirror  cemented  on  the  inside  of  the  object-glass;  a 
method  which  assures  the  identity  of  colHmation  by  day  and 
night,  and  diminishes  certain  ocular  illusions  as  to  the  real 
place  of  the  image  of  the  wires;  the  circles  are  made  small, 
so  as  to  be  free  from  flexure;  the  errors  of  division,  in  spite 
of  this,  are  minimized  by  high  microscopic  power,  both  in 
the  construction  of  the  circle  itself  and  the  image  of  its  lines 
in  the  reading  microscopes;  the  division-lines  are  made  very 
numerous  (1  to  2'),  so  that  any  one  star  can  be  observed 
with  reference  to  several  of  them  in  succession ;  the  focal 
length  of  the  telescope  is  shortened  so  that  the  flexure  of 
the  tube  shall  be  small ;  and  for  the  same  purpose  the  materi- 
als of  the  tube,  and  its  proportions,  are  most  carefully  stud- 
ied and  worked  out. 

The  pivots  are  made  glass-hard,  and  so  highly  polished 
that  they  have  the  feel  of  velvet.  A  careful  scrutiny  of  a  list 
of  over  one  hundred  meridian  circles  about  which  I  know 
something,  shows  that  about  one-half  are  old  enough  to 
need  radical  rebuilding;  those  which  are  modern  enough  for 
observations  of  great  precision  have  not  in  all  cases  the  very 
latest  improvements. 

The  observer  who  is  to  do  meridian  work  of  the  highest 
excellence  must  have  training  and  experience;  must  be  order- 
ly and  regular  in  his  method,  not  allow  himself  to  be  hurried 
or  get  nervous,  but  time  his  work  carefully  to  avoid  this ; 
he  must  hasten  rather  slowly;  must  know  when  the  seeing 
is  too  bad  for  precise  observation,  and  discontinue  working 
at  that  point ;  must  look  carefully  to  the  ventilation  of  his 
transit-room,  see  that  everything  is  in  precise  working  order. 

Above  all  he  must  watch  over  himself  as  to  physical  con- 
dition. One  of  the  greatest  drawbacks,  aside  from  mere 
mistakes,  to  the  best  work  is  the  variability  of  personal 
equation,  which  is  most  irregularly  affected  by  bad  seeing 
and  by  hurry ;  and  is  liable  to  injurious  fluctuations  l)etween 
bright  and  faint  objects. 

A  good  clock  is  necessary,  but  as  one  will  readily  see,  the 
best  watchmaker's  regulators  in  market  are  more  severely 
tested  in  their  commercial  use  than  in  the  Observatorv.  For 
here  they  are  only  required  to  run  uniformly  for  a  few  hours; 
in  their  ordinary  use  they  are  expected  to  keep  good  time 
over  several  days.    I  assume,  however,  that  the  astronomer 
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is  not  observing  for  a  fundamental  catalogue.  The  chrono- 
graph needs,  of  course,  to  be  well  made,  but  as  its  use  is  onh' 
to  count  seconds  and  divide  them  accurately,  a  compara- 
tively simple  telegraphic  register  can  do  the  work,  although 
less  conveniently  than  an  expensive  cylinder  instrument. 
Fillet  chronographs  are  largely  used  by  European  astrono- 
mers. 


PERSONAL  ERROR  IN  OBSERVATIONS  OF  POSITION   ANGLE. 

F.    P.    LEAVENWORTH. 
For  The  Messenger. 

My  attention  was  called  to  this  subject,  while  working  on 
stellar  parallax,  by  finding  large  errors  in  my  measures  of 
the  double  star  South  503.  In  order  to  see  whether  the 
trouble  was  due  to  personal  error  I  began  a  series  of  meas- 
ures on  this  and  other  stars.  A  night's  observation  of  posi- 
tion angle  consisted  of  two  or  more  measures  in  each  of 
three  positions  of  the  eyes.  The  "normal "  observation  was 
made  with  the  head  so  inclined  to  the  right  or  left  that  a 
line  through  the  stars  was  at  right  angles  to  a  line  through 
the  eyes.  The  "  parallel "  observation  was  made  with  the 
line  through  the  stars  parallel  to  the  line  through  the  eyes. 
The  "horizontal"  observation  was  made  with  head  erect 
and  line  through  eyes  parallel  to  the  horizon.  When  the 
three  observations  were  made  in  the  above  order  the  mi- 
crometer was  rotated  one  hundred  and  eighty  degrees  and 
the  observations  repeated,  only  in  the  opposite  order;  so 
that  the  mean  of  the  times  of  observation  should  be  the 
same  for  each  position  of  the  eye. 

About  sixty  observations  were  obtained  at  various  hour 
angles. 

I  have  corrected  these  angles  for  refraction  and  proper  mo- 
tion, and  drawn  througli  the  plotted  ]K)siti()ns  a  smooth 
curve,  as  shown  in  the  c'lccomjjanying  diagram.  The  right 
and  left  co-ordinate  is  the  angle  with  the  vertical,  or  is  the 
complement  of  the  angle  which  the  line  through  the  stars 
makes  with  the  line  through  the  eyes  when  "horizontal.^ 
The  up  and  down  co-ordinate  is  the  observed  position  angle 
corrected  for  refraction  nnd  proper  motion. 


Observations  for  Position  Angle. 
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I  have  found  the  following  empirical  formulae  will  satisfy 
the  observations  within  the  limits  of  accidental  error. 

Pn  =  +  3°.3  +  4°.0  sin-  V2  q. 

Pp  =  +  4  .0  +  5  .7  sin^  1/2(9  +  25°). 

Ph^  +  3.7  +  13(^]^ 
where  q  is  the  angle  with  the  vertical. 
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Another  series  of  observations  on  -2180  shows  scarcely 
any  evidences  of  personal  error. 
The  positions  of  the  stars  are  for  1890. 
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It  follows  from  the  above  results  with  some  degree  of 
probability,  that  "normal"  and  "parallel"  observations 
are  in  a  great  measure  free  from  the  variable  part  of  person- 
al error,  are  but  little  injured  by  the  twisting  of  the  neck, 
and  are  therefore  better  observations  than  those  made 
"horizontal."  Also,  there  is  no  doubt  that  personal  error  is 
different  with  different  stars. 

Haverford  College  Observatory-,  Haverford,  Pa. 
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S.  W.  BURNHAM* 
For  the  Mksse.ngek. 

As  something  has  been  said  heretofore  in  this  journal  con- 
cerning the  distance  and  visibilit3'  of  the  close  pair  of  y  An- 
dromcdae,  the  following  observations  with  the  86-inch  tele- 
scope ma^'  be  of  some  interest : 

B  AND  C. 
1890.520    Elongation  doubtful  with  1900.     Distance  much 

less  than  O'M. 
1890.573    Seems  to  be  slightly  elongated   in  304°.6.    Dis- 
tance decidedly  less  than  O'M. 
1890.594    Elongation,  if  any,  too   uncertain    to  measure 

with  the  highest  power. 
1890.660    Tried  with  all  powers,  and  the  elongation,  if  an\' 
exists,   is  so  slight  that   any  attempted  measure 
would  have  no  value.    Seeing  magnificent,  and 
the  star  nearly  in  the  zenith. 

To  one  who  is  familiar  with  the  separating  i)ower  of  the 
large  telescope,  this  means  that  the  distance  between  the 
stars  cannot  exceed  much,  if  any,  0".05.  Evidently  large 
telescopes  will  have  to  wait  a  few  years  longer  before  they 
will  be  able  to  deal  with  this  pair.  It  will  probably  be  useless 
to  attempt  to  do  anything  within  the  next  three  or  four 
years,  as  the  closing  up  has  been  very  gradual. 

It  is  inii)ossible  to  tell  anything,  even  approximately 
about  the  periofl  of  this  binary  from  the  measures  already 
made;  but  a  single  set  of  measures  wluii  this  pair  can  be 
ob«crvcd  again,  will  certainly  give  all  that  is  refpiired  for  a 
preliminary  orl)it.  The  path  described  by  th.'il  time  will 
probably  make  at  least  IHO    siiuc  llu  (irsl  nu-.isiires  of  O- 
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in  1842.  The  period  is  certainly  long  and  for  that  reason 
this  pair  will  hardly  be  regarded  hereafter  as  specially  inter- 
esting. 


PHENOMENA  OBSERVED   UPON    SATURN  AT   THE  TIME  OF  THE 

PASSAGE  OF  THE  SUN    AND  OF  THE    EARTH  THROUGH 

THE  PLANE  OF  ITS  RINGS,  IN    1877-1878.' 

AI     TROrVELOT. 

Calculation  shows  that  in  order  that  the  protuberant  belt 
of  the  ring  B,  which  we  have  supposed  to  be  6,000/rm  from 
the  exterior  etlge  of  that  ring,  should  be  able  to  cast  a 
shadow  which  reached,  Jan.  25,  1878,  to  the  one  that  the 
ball  casts  on  the  ring,  its  crest  must  have  been  elevated  to 
nearly  400A'm  above  the  plane  of  the  rings.  Supposing  all 
this  to  be  true  there  was  then  a  zone  of  400A'/n  of  elevation 
existing  at  that  period  on  the  northern  surface  of  the  ring  B, 

If  we  assume  that  the  opposite  surfaces  are  nearly  sym- 
metrical, as  our  observations  of  1872  to  1889,  made  on  the 
northern  and  southern  surfaces,  seem  to  authorize  us  to  do. 
it  will  be  necessary  to  double  this  number  to  obtain  the 
total  depth  of  the  protuberant  zone  of  the  ring  B,  and  call  it 
800/r/73.  Now  800/r/2J  is  a  considerable  thickness  if  one  com- 
pares it  with  that  given  by  other  observers, but  the  observa- 
tions which  we  have  just  made  known  will  scarcely'  permit 
us  to  reduce  it.  If  the  protuberant  zone  of  the  ring  B  is 
800A'm  in  depth,  this  entire  thickness  would  not  be  visible 
from  the  earth  except  at  very  rare  and  short  intervals.  In 
fact,  since  the  protuberant  part  is  not  found  on  the  exterior 
border  of  the  ring  A,  but  is  situated  at  25,600A'/n  from  it  on 
the  ring  B,  the  result  is  that  most  of  the  time  half  of  this 
protuberant  zone  is  invisible  from  the  earth,  either  because 
it  is  hidden  from  our  sight  b^-  the  interposition  of  the  ring  A, 
or  because  it  is  on  the  obscure  side  and  is  liiddeti  by  the 
darkness. 

The  entire  thickness  of  the  protuberant  zones  north  and 
south  could  scarceh'  be  seen  except  when  the  sun  and  the 
earth  cross  the  plane  of  the  rings  at  the  same  time  or  at 

•Continued  troui  page  81!. 
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very  nearly  the  same  time ;  and  also  it  is  necessary  for  this 
that  these  passages  should  take  place  near  the  date  of  the 
opposition  of  Saturn ;  for,  if  they  should  occur  near  the  con- 
junction it  would  hardly  be  possible  to  observe  such  delicate 
phenomena,  because  of  proximity  of  the  sun  and  of  the  hori- 
zon. The  phenomenon  in  question  then,  presents  itself  very 
rarely,  so  that  we  never  see  much  more  than  half  of  the  pro- 
tuberant zone  of  the  ring  B.  Practically  then  we  must  re- 
duce its  thickness  to  400^m.  Now,400An3  equal  248.6  miles 
a  number  in  perfect  accord  with  Herschel's  estimate;  he 
gave  to  the  ring  a  thickness  of  250  miles.  It  is  true  that  G. 
Bond  believed  the  thickness  of  the  ring  to  be  very  much  less, 
since  he  estimated  it  at  less  than  40  miles,  only  Q4:kni.  This 
thickness  might  possibly  belong  to  the  ring  A,  though  we 
think  it  too  much  when  we  remember  that  this  ring  is  some- 
times so  thin  that  it  becomes  transparent,  as  seems  to  be 
shown  by  our  observations  of  Nov.  21 — Dec.  6,  1880,  which 
we  have  spoken  of  elsewhere.  {Bulletin  Astronomique,  t.  I. 
p  530,  1884.)  But  Bond,  who  did  not  know  that  Saturn's 
system  of  rings  is  not  flat,  and  that  it  is  at  quite  a  long  dis- 
tance from  the  edge  that  it  reaches  its  maximum  thickness, 
could  not  arrive  at  a  valuation  of  this  thickness  anything 
but  erroneous  and  too  small.  Besides,  it  is  very  doubtful 
that  Bond  has  ever  seen  the  illuminated  edge  of  the  ring  A, 
and  consequently  that  he  has  ever  been  able  to  estimate  its 
thickness.  In  fact  that  which  he  calls  "edge  of  the  ring'^ 
evidently  is  not  the  outer  edge  of  this  ring.  First,  because 
the  luminous  thread  which  he  names  thus  did  not  form  a 
continuous  line  and  one  of  uniform  thickness,  but  was,  on 
the  contrary,  always  interrupted  and  formed  of  lines  and 
points  differing  in  brightness;  and  also,  because  it  did  not 
occupy  the  place  whicli  l)el()nged  to  the  outer  edge  of  the 
ring  A.  In  fact  the  outer  edge  of  this  ring  if  it  had  been 
visible  should  appear  as  an  unintcrruf)tcd  luminous  thread; 
and  this  thread  should  have  been  found  e.\aelly  .'it  the  ])lace 
opposite  where  Bond  observed  it.  From  April  22  to  Sept.  3> 
1848,  he  observed  this  thread  of  light  above,  /'.  c.  to  the 
south  of  the  dark  band  which  crossed  the  ball,  while  the 
edge  of  the  ring  A  presented  to  the  observer  was  below,  or 
to  the  north  of  this  band.  From  Sept.  13,  1H4H,  to  June 
19,  1849,  it  was  below,  /.  c.  north  of  the  dark  band  that  he 


Phenomena  Observed  Upon  Saturn.  121 

observed  the  thread  of  light  which  he  so  often  calls  "edge  of 
the  ring,"  while  it  was  above,  or  to  the  south,  that  the 
outer  edge  of  the  ring  A  then  was. 

And  yet  Bond  was  not  deceived  as  is  shown  clearly  by  his 
observation  of  Nov,  3,  1848,  when  he  says :  "  The  interrup- 
tions in  the  light  of  the  ring  are  so  plainly  seen  that  no  one 
could  for  a  moment  hesitate  as  to  their  explanation,  namely 
the  light  rejected  from  the  inner  edges"  (Annals  of  the 
Harvard  College  Observatory,  Vol.  II,  part  I,  p.  31.)  The 
estimate  of  Bond,  which  rests  upon  erroneous  data,  can  not 
agree  with  the  system  of  rings  and  could  not  serve  as  an  ar- 
gument against  the  thickness  which  we  have  tried  to  deduce 
from  the  encroachment  of  the  shadow  on  their  surface. 
There  is  also  another  important  consideration  which  has 
not  escaped  this  distinguished  observer,  and  which  is  op- 
posed, so  to  speak,  to  so  small  a  thickness;  for  with  this, the 
medium  density  of  the  matter  composing  the  rings  must  be 
three  times  greater  than  that  which  composes  the  globe. 
To  satisfy  this  last  objection  it  would  be  necessary  for  the 
ring  to  have  a  greater  thickness. 

In  1848,  nevertheless,  the  conditions  for  measuring  the 
total  thickness  of  the  rings  were  very  favorable,  for  during 
nine  days,  Sept.  3  to  12,  the  protuberant  part  which  we 
claim  to  have  recognized  must  have  presented  itself  nearly 
in  front  of  the  earth.  Also  Bond,  who,  it  would  seem,  ob- 
served it  without  suspecting  it,  was  surprised  at  its  bright- 
ness which  was  such  that  the  ring  was  visible  even  with  a 
telescope  of  3-inch  aperture.  The  12th,  after  midnight,  he 
made  the  remark  that  since  Sept.  3  the  brightness  of  the 
ring  was  almost  too  great  to  be  compared  with  what  it 
was  before  that  date.  According  to  the  same  observer,  the 
black  band  which  crossed  the  planet  before  Sept.  3  was, 
after  that  date,  replaced  by  a  brilliant  belt  which  remained 
visible  until  the  12th,  and  which  the  13th  had  disappeared 
and  was  replaced  by  a  dark  band  as  before. 

The  brilliant  belt  which  appeared  so  suddenly  Sept.  3,  and 
which  disappeared  with  the  same  suddenness  the  13,  could 
not  be  attributed  to  the  illuminated  surface  of  the  ring  as 
Bond  thought;  for,  if  it  had  been  so,  it  seems  that  it  would 
have  been  gradually  diminishing  in  size  and  at  the  same 
time  in  brightness,  since  the  earth  approached  this  surface 
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rapidly  and  the  angle  that  it  subtended,  supposing  the  sur- 
face to  be  flat,  diminished  proportionately  to  the  lowering 
of  our  globe,  whose  height,  which  was  — 0°  21'. 1  the  3d  of 
Sept.,  was  reduced  to  0°  0'  the  13th.  Now,  since  according 
to  the  observation  this  zone  was  as  large  and  as  brilliant 
on  the  10th  and  12th  of  September  as  it  was  the  3d,  we 
ma3'  be  allowed  to  think  that  Bond's  observations  con- 
cerned the  protuberant  zone  of  the  ring  B  and  not  the  light 
reflected  by  the  southern  surface  of  the  ring.  This  is  the 
zone  that  ought  to  have  been  measured  to  obtain  the  thick- 
ness of  the  ring. 
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In  the  following  passages  of  1861-1802,  Saturn  was  not 
situated  under  favorable  conditions  for  presenting  at  the 
same  time  its  two  ])rotubcrant  zones  to  the  sun  and  to  the 
earth,  nor  for  permitting  anyone  to  observe  the  encroach- 
ment of  the  lighted  part  by  the  shadow  of  this  zone,  the 
])assnge  of  the  sun  through  the  plane  of  the  rings  taking 
pl.'icc  toward  the  (ph'Kbaturc  (fig.  0)  when  the  earth  was 
almost  3'  above  the  ring.  In  1878  it  was  almost  the  same; 
neither  were  the  conditions  favorable,  the  passage  of  the 
earth  through  the  i)lanc  ol  the  rings  taking  place  a  few  days 
before  the  conjunction,  when  Saturn  was  so  near  the  sun 
and  the  horizon  that  one  could,  with  difticulty,  vsee  the 
planet,  enveloped  ;is  it  was  in  solar  rays  and  the  vapors  of 
the  horizon,    (Fig.  1 ). 
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The  protuberant  zone,  which,  with  the  sun,  is  the  cause  of 
the  phenomena  of  which  we  have  just  been  speaking,  was 
naturally  suggested  to  us  by  the  deviations  which  have  so 
often  been  seen  on  the  borders  of  the  shadow  of  the  globe 
cast  on  the  ring  B.  But,  although  it  easily  explains  the 
deviations  of  the  shadow  and  of  the  gradual  invasion  of  the 
lighted  part  of  the  rings,  and  though  we  are  convinced  of  its 
existence,  yet  we  ought  not  to  pretend,  as  we  have  already- 
intimated,  that  this  explanation  does  not  present  very  seri- 
ous objections  to  which  it  is  not  eas}'  to  reply  with  our  ])res- 
ent  actual  knowledge.     In  fact  if  it  is  true  that  \er\  oblique 
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solar  rays  are  intercepted  by  a  protuberant  zone  situated 
near  Cassini's  division  one  does  not  see  wh3'  the  interior 
face  of  this  zone  which  is  turned  toward  the  sun  and  toward 
the  earth,  as  well  as  the  anterior  surface  of  the  ring  A, 
equally  exposed  to  the  sun  and  to  the  observer,  should  not 
be  visible.  Now,  our  observations  have  revealed  nothing 
to  us  on  this  suljject.  From  Oct.  6,  1877,  to  Feb.  5,  1878. 
we  did  not  perceive  the  slightest  trace  of  the  narrow  thread 
of  light  which  theoreticalh'  ought  to  have  stretched  from 
the  eastern  to  the  western  extremity  of  the  ring  A,  nor  of 
the  slight  swelling  of  shorter  length  which  the  protuberant 
zone    ought    to    produce.      To     what     must    we    attribute 
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this  anomah'?  For  it  seems  very  certain  that  the  ring  B 
carried  a  shadow  on  its  other  parts.  The  luminous  thread 
which,  theoretically,  ought  to  exist,  was  it  too  slender  to  be 
recognized  with  our  instrument?  It  would  seem  not.  Or 
must  we  attribute  its  invisibility  to  an  unknown  cause? 
Perhaps  the  observations  of  1891  will  bring  us  some  light 
on  this  subject. 

Herschel  and  Dawes,  struggling,  it  would  seem,  with  the 
same  difficulties,  both  arrived  at  this  conclusion,  which  may 
seem  extraordinary,  "  that  there  are  very  strong  reasons  to 
induce  us  to  think  that  the  edge  of  the  ring  is  of  such  a  nat- 
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lire  as  not  to  reflect  much  light."  We  have  shown  that 
Bond,  in  1848,  never  saw  a  trace  of  the  edge  of  this  same 
ring,  any  more  than  we  did  in  1878.  It  is  scarcely  admiss- 
able,  however,  that  the  materials  which  compose  the  edges 
of  this  ring  and  of  this  protuberant  zone  should  be  destitute 
of  the  ])ower  of  reflecting  light,  espcci«lly  when  we  know 
that  the  protuberant  zone  is  precisely  tlie  most  ))rilliant  of 
all  the  system  when  we  observe  it  under  other  conditions, 
when  the  sun  and  the  earth  are  more  elevated  al)ove  its  sur- 
face.    There  certainly  is  a  mystery  here  to  be  explained. 
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III.  Under  a  great  solar  obliquity  Cassini's  division  becomes 
more  visible  at  one  end  than  at  the  other. 

If  it  is  true  that  there  exists  a  protuberant  zone  of  a  cer- 
tain elevation,  near  the  outer  edge  of  the  ring  B,  as  our  ob- 
servations have  led  us  to  suppose,  the  result  will  be  not  only 
that,  under  a  very  oblique  sun,  the  anterior  half  of  this  zone 
will  cast  a  shadow  on  the  part  of  the  rings  situated  behind 
it  with  relation  to  the  sun ;  but  also  that  the  posterior  half 
of  this  same  zone,  of  which  a  part  passes  behind  the  globe, 
will  also  cast  a  shadow  behind  it,  that  is  to  say,  on  Ring  A. 
Only,  because  of  the  slight  opening  and  the  apparent  nar- 
rowness of  this  ring  when  the  sun  is  a  little  elevated,  the 
shadow  cast  on  the  ring  A  will  be  much  more  difficult  to  ob- 
serve than  that  which  is  due  to  the  larger  anterior  zone, 
■especially  that  before  being  recognized  it  will  have  crossed 
the  dark  gap  of  the  division  of  Cassini. 

A  phenomenon  which  seems  to  have  a  direct  relation  to 
what  we  have  just  said,  and  which  we  may  attribute  to  this 
cause,  has  been  revealed  to  us  bj-^  our  observations.  •  In  fact, 
when  the  angle  of  the  elevation  of  the  sun  above  the  ring 
was  only  +  0°  45',  until  the  day  when  it  was  not  more  than 
+  0°  27',  the  division  of  Cassini  which,  up  to  the  first  date 
iilways  appeared  to  us  to  have  an  equal  intensity  on  the  op- 
posite ends,  became  much  more  apparent  on  the  eastern  end 
than  on  the  western.  On  Dec.  18,  25,  26,  27,  28  and  29, 
1877,  the  phenomenon  was  observed  with  certainty-,  and 
seemed  to  accentuate  itself  from  day  to  day.  It  was  again 
observed  Jan.  6,  1878,  and  did  not  cease  to  be  visible  until 
the  encroaching  shadow  of  which  we  have  spoken  reached 
the  division  of  Cassini  and  made  it  disappear.  It  seemed 
that  the  outer  edge  of  the  ring  B  cast  a  shadow  on  the  pos- 
terior part  of  the  ring  A,  which  reached  out  a  little  to  the 
northeast,  toward  the  extremity  of  the  ring  B,  which  it 
made  to  stand  out,  and  rendered  it  much  more  visible  than 
on  .the  opposite  end.  It  is  precisely  on  the  eastern  end,  the 
most  distant  from  the  sun,  that  the  phenomenon  wa^  ob- 
served, and  a  few  days  after  the  quadrature,  when  the 
shadow  of  the  ball  on  the  rings  reached  its  greatest  size. 

(To  be  Continued.) 
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A  FURTHER  NOTE  ON  METEOR  RADIANTS. 


BY  W.   H.  S.  MONCK.* 
For  thk  Messenger, 

I  desire  to  correct  a  misapprehension  into  which  some  per- 
sons appear  to  have  fallen  as  to  my  arrangement  of  the  Me- 
teor Radiants  comprised  in  Mr.  Denning's  (or  any  other) 
Catalogue  in  order  of  Right  Ascension.  I  did  not  mean  to 
assert  that  wherever  meteors  are  found  to  emanate  from  the 
same  radiant  point  at  different  periods  of  the  year  we  have 
a  stationary  or  long  enduring  radiant.  Among  a  large 
number  of  radiants  there  will  no  doubt  be  a  certain  number 
of  coincidences  in  direction  between  showers  having  no  con- 
nection with  each  other.  What  I  asserted,  and  what  I  think 
a  short  examination  of  Mr.  Denning's  Catalogue  (or  almost 
any  other  catalogue  containing  a  sufficient  number  of  radi- 
ants) will  show  is  that  the  number  of  coincidences  is  vastly 
too  great  to  be  the  result  of  chance,  and  that  therefore  the 
connection  between  different  showers  coming  from  the  same 
point  at  different  dates  is  in  the  great  majority  of  instances 
the  result  of  law.  It  is  idle  to  urge  against  this  conclusion 
that  there  are  certain  diversities  between  these  different 
showers — that,  for  instance,  some  are  fast  and  some  are 
slow.  These  very  diversities  are  themselves  the  result  of 
law,  and  of  a  law  which  1  have  already  indicated,  viz;  mete- 
ors from  the  same  radiant  are  faster  or  slower  according  as 
the  earth  is  receding  from  or  approaching  the  radiant  in  its 
annual  motion. 

I  have  already  given  the  arrangement  of  Mr.  Denning's 
radiants  in  order  of  right  ascension  for  the  second  cpiadrant. 
I  now  give  a  table  arranging  them  similarly  for  the  other 
three  quadrants.  I  have  underlined  the  cases  in  which  mete- 
ors from  the  same  radiant  are  found  at  intervals  of  over  a 
month.  As  1  have  confined  this  underlining  to  the  cases 
where  the  radiants  are  strictly  the  same  it  does  not  afford  a 
complete  index  to  the  stationary  radiants  deducible  from 
the  catalogue,  but  1  think  an}'  one  who  will  go  through  the 
catalogue  (in  the  Monthly  Notices  of  the  Royal  Astronomi- 
cal Society  for  May,  IHOO)  in  the  order  defined  in  this  article 
will  entertain  no  doubt  as  to  the  existence  of  stationary  or 
long-enduring  radiants  however  they  are  to  be  explained. 

*  Dublin,  Irrland. 
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One  explanation  I  may  here  suggest,  though  I  do  not 
think  it  a  probable  one,  viz :  that  of  families  of  comets — 
comets  having  a  different  longitude  of  the  node  but  nearly 
the  same  radiant.  This  is  the  only  form  in  which  I  think 
the  cometary  theory  can  possibly  explain  the  phenomena. 

First  Quadrant  (0°  to  90°  R,  A.  in  order  of  R.  A.)  Nos.  392,  522,  476.  334, 
248,  188.  492,  335,  185,  293,  465,  561,  529,  412,  456,  431,  193,  2i8.  419,  219,  758. 
420,  210,  250,  286,  356,  199,  574,  294,  318,  620,  259,  200,  277,  584,  666.  221,  384, 

631,  336,  369,  457.  251.  357.  319.  519,  400,  375,  715,  29s,  211,  287,  296,  530,  643, 
551,  597,  564,  649,  236,  458,  585,  493.  747,  260,  244.  337,  744,  226,  288.  544,  562, 
521,  149,  320.  237.  667,  261,  180,  837,  652,  278,  826,  401,  626,  393,  385,  305,  668, 
441,  819,  809,  411,  669,  740.  238,  240,  531,  602,  623,  321,  813,  466,  442,  726,  262, 
829,  838.  252,  201,  253,  488.  870,  557.  754,  818,  254.  644,  748,  322.  532.  567   582. 

632,  467,  279.  627,  653.  289.  377.  628,  568,  670,  851^331.  587.  280,  735,  323.  604, 
443.  633,  264,  265,  290,  650,  266,  514,  311,  267,  702.  586,  297,  312,  202,  306,  827, 
3247695.  736,  421,  313.  755.  654,  li"^,  655,  565.  171;  317,  339.  422,  489,  729,  558, 
«39,  341.  35',  340.  645.  332J534,  329,  359  A,  358.  721.  575.  730.  731,  281,  444, 
342,  353.  362,  298,  361 J556,  360,  354,  830,  847.  365,  363,  359  B,  364,  708.  709, 
366,  370,  745,  766,  515,  299,^671,  480,  413,  343.  445,  371,  355,  629.  635,  710.  906, 
15'_?3i.  545.  621.  372,  893,  737,  820.  246.  325,  767,  533,  394,  £98.  373.  37«,  657, 
499,  5347  300 ~  386,  546.  523,  379.  234,  388.  387,  395,  494.  793,  524,  821,  423, 
624,  716.  732,  552,  7,  749.  753,  768,  547.  576,  733,  446,  784,  525,  73S,  495,  «3', 
503,  3^".  840,  459,  402,  724,  35.  500,  548.  841,  636,  403.  504,  535.  S^Q,  777.  496, 
741,  432,  742,  759,  798,  760,  447,  505,  468,  483,  511,  553,  822,  696,  577,  746,  554, 
«32,  77«,  307,  344.  799.  555,  526,  833,  301,  448,  367^  477^  672,  769,  433.  856.  497, 
7",  673.  9.  516.  536,  549.  506,  4^,  606,  785.  520,  578,  637,  469,  563.  599,  717, 
241,  473,  527.  658,  794.  571,  570,  761,  638,  750,  898,  537.  823,  802,  674,  810,  852, 
885.  795,  639.  857,  779,  890,  572,  858,  842,  528.  706,  640,  12,  685,  800,  498,  579, 
517,  550,  600.  863.  588.  646.  573.  559,  538.  697,  859. 

Third  Quadrant.  180°  to  270°,  Nos.  32,  807,  41,  70,  901,56,  836,  616,  883, 
95,  47,  118,  59,  791,  845,  846,  776,  566,  651,  65,  910.  848,  793.  896.  178,  886,  808, 
792,  897,  874,  115.  902,  66,  30,  816,  867,  20,  14,  67,  37,  21,  34,  828,  77,  yi,  73, 
173.  725,  683,  868,  381,  78.  49.  903.  136,  177,  16,  887,  28,  501,  96.  15,  888,  I,  884, 
116.  611,  29,  71,  97,  79,  131,  6,  5,  62,  98,  889,  64,  2,  869,  74,  139,  913,  8,  132,  42, 
99,  38,  80,  81,  172,  127,  68,  125.  100,  414.  484,  137,  50,  189,  17,  904,  22,  51,  loi 
160,  57,  485,  26,  425,  617,  133,  82,  123.  212.  83,  141.  126,  154,  282,  222,  84,  72, 
23,  124,  508,  245,  255,  39,  153,  27,  140.  155,  630.  43,  52,  283.  63,  117,  426,  449, 
138,  147,  129,  75,  434,  191.  509,  85,  227,  161,  86,  88,  102,  87,  284. 

Fourth  Quadrant  270°  to  3G0°,  Nos.  162,203,  213,  596,  103,  256,  119, 
104,  105,  107,  106,  166,247,  53,   III,  892,  54,  204,   168,  89,   194,  145,   112,  326, 

183,  120.  257,44,  158,  163,217,  90,  108,  490,  91,  205.  461,  170.  195.  150.214, 
618,  314.  159,  435,  308,  404,  330,  407,  479,  580,  113.  914.  143,  176,  164,  164,  25^ 
206,  109.  374.  427,  4>5,  223,  235,  92,  no,  345,  242,  470,  121,  397,  167.  396,  165, 
93,  >79.  215,  196,  144,  151,  268,  224.  156,  619,  190,  486,  471,  390.  701,  416,  152, 

184,  481,  269,  142,  510,  216,  228,  181^  94,  462,  436,  207,  346,  625,  55,  182,  694, 
58,  232,  408,  405,  197,  450,  398,  309,  285,  134,  76^  451.  406,  391,  208,  if,  347, 
348,  474,  452.  437.  475,  229,  382,  438,  439.  417,  303.  270,  512  A,  249,  310.  817, 
429,  315,  225,  271,  186,  148,  330,  230._472,  399,  512  B,  349.  243,   169,  581,  518, 
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304,  3»6,  273,  272, 135,  274,  209,  757,  42q,  178,  612,  327,  275,  368,  350,  453,  187, 
^57.  409,  556.  130,  410,  491,  463,  xga.  603,  430,  464.  198.  383,  440,  233,  276,  454, 
328,  239,  418,  455,  582,  487,  174,  146,  258,  502,  684,  543,  583,  513- 

Personally  I  am  inclined  to  think  that  none  of  the  coinci- 
dences which  I  have  underlined  are  due  to  chance,  but  it 
would  not  affect  my  general  argument  if  a  dozen  of  them 
were  so.  With  regard  to  the  stationary  or  long-enduring 
character  of  both  the  Perseid  and  the  Andromede  radiants, 
the  evidence  contained  in  my  former  article  can  easily  be  ex- 
tended. Mr.  Denning's  reduction  of  the  Italian  observations 
of  1872  gives  perhaps  the  most  conclusive  evidence  of  the 
former.  He  found  a  radiant  at  47°  +  57°  for  the  date  of 
July  15-Aug.  2,  at  44°  -f  56°  for  Aug.  6-12,  at  45°  +  57° 
for  Aug.  24-Sept.  14,  at  47°  +  56°  for  Oct.  29-Nov.  13,  and 
at  46°  +  57°  for  Nov.  25-Dec.  31.  The  gaps  in  this  list  con- 
sist of  the  periods  when  there  were  too  few  observations  to 
deduce  any  possible  result;  and  Mr.  Denning  accordingly 
says,  "Many  of  the  showers  endured  apparently  for  much 
longer  periods  than  is  usually  attributed  to  them.  Thus  the 
Perseids  (or  a  succession  of  coincident  radiants  in  Perseus), 
continued  in  feeble  action  during  the  whole  of  the  last  five 
months  of  the  year."  (Monthly  Notices,  for  March,  1878, 
p.  316.)  He  seems,  moreover,  to  have  met  with  meteors 
from  the  Andromede  radiant  throughout  the  month  of  De- 
cember and  even  in  February.  The  stationary  character  of 
both  radiants  is  thus  strongly  attested.  But  I  am  inclined 
to  think  that  what  really  possesses  this  stationary  or  long- 
enduring  character  is  a  radiant  area  of  considerable  dimen- 
sions embracing  most,  if  not  all,  of  the  positions  which  Mr. 
Denning  ascribes  to  his  shifting  radiant.  I  doubt  if  there  is 
a  single  radiant  point  in  his  catalogue  which  he  character- 
izes as  a  Perseid  (rom  which  meteors  do  not  come  to  us  at 
other  times  of  the  year.  His  first  position  at  3°  +  49°  on 
July  8  agrees  with  one  of  Schiaparelli's  for  July  31,  and  very 
nearly  with  Tupman's  for  August  20-29.  His  second  posi- 
tion at  11°  +  48°  on  July  11-14  agrees  with  one  of  his  own 
(deduced  from  a  large  number  of  meteors)  on  July  31-Aug. 
1,  which  Mr.  Sawyer  confirms.  His  third  at  19°  +  51°  on 
July  19  agrees  with  one  of  Heis's  for  Aug.  1-2,  and  the  re- 
mainder will,  I  think,  be  found  similar  in  character.  Not 
one  of  them  ceases  to  be  active  as  soon  as  the  shifting  radi- 
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ant  is  supposed  to  have  passed  it,  and  some  are  active  be- 
fore the  shifting  radiant  is  supposed  to  reach  them.  The 
eastern  portion  of  the  radiant  area  becomes  better  placed 
for  observation  as  the  season  advances,  and  hence  presents 
an  appearance  of  increased  activity.  I  doubt  if  there  is  any- 
thing more,  but  I  await  the  publication  of  the  full  evidence 
on  which  the  shifting  radiant  theory  is  supposed  to  rest  be- 
fore discussing  the  question  further.  When  the  full  evidence 
is  published  your  readers  will  be  able  to  form  their  own  esti- 
mate of  its  conclusiveness. 


A  PERPETUAL  CALENDAR, 


R.    W.    McFARLAND. 
For  Thb  Mbssknger. 

In- the  year  1848  I  came  into  possession  of  a  perpetual  cal- 
endar, found  in  an  old  book,  and  copied  it  oiffor  further  ex- 
amination. It  was  somewhat  different  from  this,  but  really 
involved  the  same  principle,  but  there  was  no  hint  of  the 
way  to  construct  it.  But  this  was  made  manifest  b\'  the 
following  procedure,  which  underlies  all  styles  of  perpetual 
calendar.  Begin  by  setting  down  in  tabular  form,  the  new 
year  days : 


-Say  1 891  began  on  Thursday. 
1892  will  begin  on  Friday 


1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


Sunday. 

Monday. 

Tuesday. 

Wednesday. 

Friday. 

Saturday. 

Sunday. 

Monday. 


Trace  a  few  j-ears  in  reverse  order: 
1890  began  on  Wednesday. 


1889 
1888 
1887 
1886 
1885 
1884 
1883 
1882 


Tuesday, 

Sunday. 

Saturday. 

Friday. 

Thursda}'. 

Tuesday. 

Monday. 

Sunday. 


In  this  way  a  whole  century  can,  in  a  few  moments  be  reg- 
ularly arranged,  and  15  or  20  centuries  in  a  few  hours.  As 
a  general  rule  each  succeeding  year  begins  one  daj^  later  in 
the  week;  but  the  year  following  leap  year  goes  forward 
two  days — the  29th  day  of  February  bfeing  one  of  them. 
Suppose  one  has  set  down  20  centuries,  say  from  1500  to 
3400  inclusive.  The  centesimal  years  fall  into  groups  as 
follows : 
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Begin  on 

Monday. 

1500 

Begin  on 

Saturday. 
1600 

Begin  on 

Friday. 

1700 

Begin  on 

Wednesday. 
1800 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

But  here  are  20  centuries  and  the  centesimal  years  all  be- 
gin on  one  of  the  four  days  given.  No  centesimal  year,  new- 
style,  ever  began  or  ever  will  begin  on  Tuesday,  Thursday 
or  Sunday.  The  table  may  be  extended  indefinitely  both 
forw^ard  and  backward.  In  like  manner  commencing  any 
where,  say  at  1800,  let  the  new  year's  day  for  a  century  be 
gathered  up  in  tabular  form.  Besides  1800,  the  following 
years  also  have  "Wednesday  for  new  year's  day  (omitting 
the  18  for  convenience),  6,  12,  17,  23,  34,  40,  45,  51,  62,  68, 
73,  79,  90  and  96.  Other  groups  begin  on  Thursday,  Fri- 
day, etc. 

Having  every  fourth  year  (old  style)  a  leap  year,  the  cen- 
tesimal 3'ears  will  run  through  the  whole  week.  If  those  be- 
ginning on  Sunday  be  put  in  one  column,  those  on  Monday, 
in  another,  etc.,  there  will  be  seven  columns.  But  it  is  not 
necessary  to  repeat  the  rather  tedious  course  of  putting 
down  the  New  Year's  day  for  twenty  centuries.  The  follow- 
ing course  is  short  and  simple.  It  is  seen  above  that  1800 
began  on  Wednesday,  but  in  January  of  that  year  the  dif- 
ference between  old  style  and  new  was  eleven  days,  old  style 
lagging  behind.  Then  count  forward  eleven  days  from  Wed- 
nesday, and  you  find  Sunday  for  Jan.  1,  1800,  old  style.  In 
like  manner  1700  began  on  Friday,  new  style;  but  the  old 
style  on  that  day  was  ten  days  behind — add  ten  days  to  Fri- 
day— and  you  reach  Monday.  So  1600  began  on  Saturday, 
new  style,  and  then  the  difference  was  ten  days;  count  for- 
ward ten  from  Saturda}',  and  you  reach  Tuesday  for  old 
style.    Bringing  the  years  together  we  find 

1600  begins  on  Tuesday,  old  style, 

1700        *'  Monday,        " 

1800        "  Sunday, 

1900  will  be  Saturday,  each  centesimal  year  in  order  fall- 
ing oi»c  day  earlier  in  the  week, — so  that  twenty  centuries 
may  be  set  down  in  a  few  minutes. 

In  order  to  bring  both  styles  into  the  same  table  a  sliding 
to  the  right  is  made  of  one  day  for  each  of  the  centesimal 
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MEETING  OF  THE  ASTRONOMICAL  SOCIETY   OF   THE  PACIFIC, 

JAN.   31,    1891. 


The  society  met  for  probably  the  last  time  in  their  rooms 
at  408  California  street,  their  new  quarters  in  the  California 
Academy  of  Sciences'  new  building  not  being  quite  ready  for 
occupancy.  In  the  absence  of  President  Holden,  Vice-Presi- 
dent Pierson  presided.  ;   " 

At  the  meeting  of  the  directors  the  minutes  of  the  Ikst 
meeting  were  approved.  The  following  gentlemen  and 
ladies  were  elected  to  membership : 

H.  C.  Swain,  1107  Post  street;  N.  A.  Robinson,  430  Kearney  street; 
Miss  Harriette  C.  Butler,  1909  Pine  street;  Miss  Josephine  Harker,  1909 
Pine  street;  Charles  H.  Crocker;  William  S.  Moses,  Masonic  Cemetery; 
Capt.  Oliver  Eldridge;  Professor  Gustav  C.  Lueben,  215  Gearj^  street:  I. 
E.  Thayer,  204  Front  street ;  Tully  T.  Young,  805  Pine  street,  of  San  Fran- 
cisco; H.  P.  Carleton,  716  Nineteenth  street;  Miss  Caroline  C.  Jackson, 
1379  Eighth  avenue  (East  Oakland);  Rev.  A.  M.  Le  Yean,  809  Thirteenth 
street;  F.  G.  Blinn,  Highland  Park  (East  Oakland),  of  Oakland,  Cal.;  Pro- 
feseor  C.  W.  Treat,  S.  E.  Holden,  Napa;  A.  Keith,  Riverside;  Daniel  Appel, 
Cleveland,  O.;  O.  E.  Harmon,  Chehalis,  Wash.;  Miss  Sara  Carr  Upton, 
Washington,  D.  C. ;  Fraser  Ashurst,  Edward  B.  Reilley,  Philadelphia,  Pa.; 
Frank  L.  Smith,  Oshkosh,  Wis.;  Charles  A.  Bacon,  Director,  Beloit,  Wis.; 
Mrs.  Mary  H.  Willmarth,  Ruthven  W.  Pike  (life  member),  Frank  M.  Smith, 
Oayton  A.  Douglas,  Fred.  Ellemian,  Dr.  H.  W'.  Rogers,  Rev.  E.  F.  Williams, 
W.  E.  Hale,  G.  W.  Hale,  Dr.  M.  D.  Ewell,  Dr.  H.  H.  Belfield,  F*.  S.  Osborne, 
C.  O.  Boring,  D.  H.  Burnham,  Norman  B.  Ream,  Professor  G.  W.  Hough, 
A.  E.  Adams,  J.  R.  Steward,  Mrs.  Ruth  W.  Brewster,  E.  Burton  Holmes, 
Chicago,  111.;  Professor  C.  B.  Thwing,  Professor  C.  S.  Cook,  Francis  Brad- 
ley, Evanston,  111.;  A.  C.  Behr,  Bloomington,  III.;  G.  W.  Ritchey,  Engel- 
wood,  111.;  A.  W.  Wagner,  Joliet,  111.;  Rev.  E.  H.Rudd,  D.D.,  Knoxvillc,  111., 
H.  A.  Allen,  Milwaukee,  Wis.;  Joseph  Brook,  Sydney,  New  South  Wales;  R. 
L.  J.  Ellery,  E.  J.  White,  F.  R.  A.  S.,  Melbourne,  Victoria. 

A  new  section  was  added  to  the  by-laws,  authorizing 
groups  of  members  of  the  society  outside  of  San  Francisco 
to  form  sections.  The  proceedings  of  the  sections  may  be 
printed  in  the  Publications  of  the  society,  and  each  section 
may  elect  their  own  officers  and  adopt  their  own  rules  of 
government.  No  person  shall  be  eligible  to  membership  in  a 
section  without  being  a  member  in  good  standing  in  the  so- 
ciety. 

Under  the  provisions  of  this  amendment  a  Chicago  section 
has  effected  an  organization,  and  has  elected  officers  and 
an  executive  commitLee  as  follows:  G.  A.  Douglas,  chair- 
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man;  G.  E.  Hale,  secretary,  and  R.  W.  Pike,  C.  B.  Thwing, 
and.M.  D.  Ewell.  It  was  moved  and  carried  '*  That  the  Chi- 
cago Section  of  the  Astronomical  Society  of  the  Pacific  is 
hereby  authorized  and  duly  recognized."  The  names  of  the 
members  of  the  Chicago  Section  will  be  found  in  the  list  of 
members  elected. 

The  directors  adopted  a  seal  for  the  society,  a  cut  of 
which  will  be  found  in  the  next  publication. 

It  was  also  resolved  that,  beginning  with  the  present  year, 
that  all  moneys  received  as  life  membership  fees  should  be  in- 
vested in  a  separate  fund,  and  only  the  interest  derived 
therefrom  to  be  used  in  defraying  the  expenses  of  the  society. 

Messrs.  Schaeberle  and  Burckhalter  were  re-appointed  to 
serve  on  the  Comet-Medal  Committee  for  the  year  1891. 

The  regular  meeting  was  held  immediately  after  the  direc- 
tor's meeting  and  largely  attended. 

As  the  next  meeting  will  be  the  annual  meeting,  a  commit- 
tee of  three,  consisting  of  Messrs.  Ziel,  Johnson  and  Leusch- 
ner,  was  appointed  to  audit  the  accounts  of  the  treasurer, 
and  Messrs.  Von  Gelden,  Treat,  Dewey,  Ewer  and  Lowden 
were  appointed  as  a  committee  on  nominations  for  the  next 
board  of  directors  and  committee  on  publications. 

The  following  papers  were  presented  to  the  meeting: 

a.  The  Carleton  College  Observatory,  by  the  director.  Pro- 
fessor \Y.  W.  Payne. 

b.  The  August  Meteors,  by  W.  H.  S.  Monck,  Dublin,  Ire- 
land. 

c.  Corrections  to  Watson's  Theoretical  Astronomy,  by  W. 
W,  Campbell,  Ann  Arbor,  Mich. 

d.  Notes  on  Dark  Transits  of  Jupiter's  Satellites,  by  John 
Tebbutt,  Windsor,  N.  S.  W. 

After  reading  of  papers  the  meeting  adjourned  to  March 
28th,  1891.  Charles  Burckhalter,  Secretary. 


ASTRONOMY   IN    1890. 


The  last  year  was  one  of  as  great  activity  in  astronomy 
as  any  of  its  recent  predecessors.  Interest  has  been  general 
in  all  the  prominent  lines  of  research.  The  study  of  the  sur- 
face markings  of  the  planets  has  been  fruitful  and  has  given 


134  The  Sidereal  Messenger. 


some  definite  results  of  a  surprising  character.  Special 
studies  of  the  surface  of  Mars  continued  from  1889  through 
the  favorable  part  of  the  opposition  of  1890  confirm  the 
discoveries  of  Schiaparelli  in  regard  to  the  "canals"  of 
Mars.  A  more  favorable  time  for  the  study  of  the  wonder- 
ful surface  marking  of  this  planet  v^ill  be  in  the  year  1892, 
when  it  will  be  much  nearer  the  earth  and  in  better  position 
for  observation  in  northern  latitudes.  Very  general  prepar- 
ations will  be  made  for  exhaustive  work  one  year  hence, 
that  some  of  the  questions  raised  by  the  discoveries  of 
Schiaparelli  may  be  settled.  On  the  surface  of  Jupiter,  Mr. 
Keeler,  of  Lick  Observatory,  finds  some  spots  in  the  great 
northern  belt  whose  shape  and  color  are  significant.  The 
cloud  formation  about  the  great  red  spot,  as  observed  in 
October  last  by  the  aid  of  the  great  telescope,  gives  added 
data  of  unusual  value.  The  most  wonderful  advance  in 
knowledge,  however,  concerning  the  planets  comes  from  the 
discoveries  of  Schiaparelli  in  regard  to  the  rotation  periods 
of  the  planets  Mercury  and  Venus.  The  time  of  rotation  of 
each  of  these  planets  has  been  believed  to  be  about  twenty- 
four  hours,  from  earliest  knowledge  of  surface  markings. 
But  the  studies  of  1889  and  1890  have  definitely  settled  the 
point  that  the  period  of  rotation  in  each  case  must  be  near- 
ly the  same  as  the  time  of  revolution  around  the  sun.  At 
first  thought  it  may  seem  very  strange  that  astronomers 
should  not  have  found  out  so  important  a  fact  as  this  long 
ago.  Those  only  who  try  to  observe  these  planets  and  fix 
upon  definite  surface  features,  know  how  difficult  it  is  to 
make  trustworthy  observations  on  account  of  the  strong 
sunlight  reflected  from  their  surfaces.  Details  are  generally 
obliterated  except  a  few  prominent  markings  near  the  mar- 
gin of  the  lighted  j)ortion  of  the  planet's  disc. 

Thirteen  new  minor  planets  were  discovered  during  the 
year  1890.  The  first,  Olauke  (No.  288),  was  found  by 
Luther  of  Hamburg,  I'eb.  24,  1890.  The  remaining  twelve 
were  discovered  by  Charlois  of  Nice  and  Palisa  of  Vienna, 
each  finding  six.  All  the  new  ristcroids  of  the  year  1890  are 
yet  without  names  cvcept  the  first.  The  number  of  the 
latest  discovery  is  301  for  last  year.  During  the  last  month 
two  later  discoveries  are  reported  and  will  be  found  else- 
where ill  this  issue.     They  are  ])roh<'ibly  new  planets,  and  if 


Astronomy  in  1890.  135 

so,  will  make  the  total  number  at  this  writing  (February 
23)  303. 

The  comets  of  the  last  year  were  seven  in  number.  The 
last  comet  of  1889,  discovered  by  Borrelly  Dec.  12,  properly 
belongs  to  the  year  1890  because  its  perihelion  passage  was 
in  January  of  that  year.  The  following  table  gives  the  com- 
mon data  for  discovery,  the  time  of  perihelion  passage  and 
the  longitude  of  the  ascending  node  denoted  by  the  charac- 
ter ft  : 


Designation. 

Synonym. 

Date 

Perihelion.                    »« 

Comet  1890 

I. 

/"1889fBorrelIv). 

Dec. 

12 

Jan.  26.869         12  16  GO 

Comet  1890 

II. 

a  1890  (Brooks). 

Mar. 

19 

June    1.8414    320  26  08 

Comet  1890 

III. 

b  1890  (Coggia). 

July 

18 

Julv    8.730         14  25  36 

Comet  1890 

IV. 

e  1890  (Zona). 

Nov. 

15 

Ang.   7.10021     85  29  08 

Comet  1890 

V. 

d  1890(D'Arrest) 

.  Oct. 

6 

Sep.  16               146     9  00 

Comet  1890 

VI. 

c  1890  (Demiing). 

July 

23 

Sep.  24.2523       96  25  35 

Comet  1890  VII. 

f  1890  (Spitaler). 

Nov. 

16 

Oct.  26.50833    45  07  51 

A  more  complete  statement  of  the  special  characteristics 
of  these  comets  will  be  published  soon,  in  connection  with 
^11  the  useful  data  known,  by  means  of  which  astronomers 
may  make  further  study  of  them  for  the  permanent  records 
of  science  for  this  year. 

Work  in  the  discovery  of  new  nebulae  continues  active  by 
the  aid  of  large  telescopes  in  the  hands  of  a  few  observers. 
Dr.  R.  Spitaler  of  Vienna,  Messrs.  Keeler  and  Barnard  of 
Lick  Observatory,  Dr.  L.  Swift  of  Rochester,  N.  Y.,  and 
Professor  Ormond  Stone,  Virginia.  Dr.  Swift's  Eighth  Cat- 
alogue of  new  nebulae,  containing  one  hundred  each,  was 
published  in  August,  1889.  We  have  learned  from  private 
letters  that  he  is  already  at  work  on  the  tenth  catalogue, 
although  we  are  not  aware  that  the  ninth  has  3'et  been 
published. 

In  the  field  of  variable  star  work  S.  C.  Chandler  of  Cam- 
bridge, Mass.,  and  E.  F.  Sawyer  of  Brighton,  Mass.,  are 
indefatigable  workers.  Mr.  Chandler's  Catalogue  of  Var- 
iable Stars  published  in  1888  was  the  most  complete  piece 
of  work  of  the  kind  known  to  astronomy.  During  the  last 
year  a  supplemental  part  to  this  first  catalogue  was  pub- 
lished which  largely  extends  the  number  of  new  variable 
stars  and  in  other  particulars  improves  our  knowledge  in 
this  new  branch  of  astronomy.  Other  observers  of  prom- 
inence are  Paul  S.  Yendell  of  Dorchester,   Mass.,  John   G. 
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Hagen,  S.  J.,  Georgetown,  Mass.,  and  by  the  aid  of  photog- 
raphy especially  the  observers  at  Cambridge,  Mass. 

By  means  of  the  spectroscope  and  b\'  the  aid  of  photog- 
raph3'  some  of  the  most  wonderful  results  pertaining  to 
variable  stars  and  binary  systems  have  been  determined  re- 
cently, so  that  now  apparatus  in  these  two  lines  of  work  is 
being  called  for  and  manufactured  as  never  before. 

The  question  whether  or  not  the  latitude  of  a  given  place 
changes  has  received  considerable  attention  from  prominent 
astronomers  in  different  parts  of  the  world  during  the  A-ear 
1890.  This  question  was  started  several  years  ago,  and 
the  more  it  is  examined,  the  more  need  there  seems  to  be  for 
a  thorough,  systematic  stud3-  of  it,  by  competent  observers 
favorably  situated  in  different  countries  with  facilities  for 
definitive  tests.  Such  work  will  probably  be  undertaken 
during  the  present  year.  The  study  of  the  question  so  far  is 
unsatisfactory,  because  astronomers  whose  opinions  are  en- 
titled to  most  weight  do  not  agree.  This  state  of  things 
may  not  be  the  fault  of  the  astronomers,  but  rather  it  maj' 
be  due  possibly  to  the  want  of  sufficient  data  upon  which  to 
base  a  general  judgment  broad  enough  to  include  and  to  ex- 
plain all  known  facts. 

Some  very  important  books  on  different  themes  in  astron- 
omy have  been  published  during  the  last  year.  We  can  now 
name  by  title  four  of  the  most  important  ones  that  we  have 
seen.  The  "Meteoritic  Hypothesis,"  by  J.  Norman  Lockyer, 
published  by  Messrs.  Macmillan  &  Company.  "The  Sys- 
tem of  the  Stars,"  by  Agnes  M.  Clerkc,  pubhshed  by  Messrs. 
Longmans, Green  &Co.;  "Die  Spectralanalyse  der  Gestirne," 
by  Dr.  J.  Scheiner,  published  by  Wilhelm  lingelmann,  Leipsic, 
and  "Tycho  Brahc,"  by  J.  L.  F.  Dreycr,  director  of  the  Ar- 
magh Observatory,  and  published  by  Messrs.  Adam  and 
Charles  Black,  P^dinburgh,  Scotland. 


THE  SPECTER  OF  THE  BROCKEN. 

J.   M.  SCHAHUBRLK* 
Pom  tiik  MKmtKNiiKU. 

The  astronomers  on  Mt.  HamiUon  IVccpicntly  have  the  op- 
portunity of  viewing  their  own  shadows  cast  upon  the  fog 

*  Antronotnrr  at  Llok  ObMrrvatory. 
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when  the  sun  is  at  a  low  altitude.  Ordinarily  the  only  phe- 
nomenon which  is  at  all  striking  is  the  bright  ring  or  halo  of 
light  in  the  center  of  which  the  apparently  unenlarged  shad- 
ow appears  projected, 

A  short  time  ago,  however,  I  was  favored  with  the  rare 
and  truly  imposing  phenomenon  of  "The  Specter  of  the 
Brocken."  I  was  standing  on  the  northwest  corner  of  the 
Observatory  grounds — in  a  fog  through  which  the  rays 
of  the  setting  sun  would,  every  now  and  then,  find  free 
passage  —  watching  the  phenomenon  of  the  appearance 
and  disappearance  of  m^^  shadow  in  the  fog  which,  ap- 
parently, completely  filled  the  great  canon  (out  of  which 
the  northern  slope  of  Mt.  Hamilton  rises  quite  abruptly) 
and  hiding  everything  beyond.  Suddenly  the  image  seemed 
to  grow  to  enormous  proportions,  and,  in  outline,  it  ap- 
peared to  be  standing  on  the  familiar  mountain  which,  on 
the  other  side  of  the  caiion,  rises  to  a  height  of  more  than  a 
thousand  feet,  and  distant  from  the  Observatory'  about  one 
mile.  Nearly  the  whole  of  this  mountain  was  now  lit  up  by 
sunlight  and  visible  through  the  fog  (which  was  probably 
only  a  few  yards  from  me)  against  which  my  shadow  was 
projected.  I  raised  my  arm — the  arm  of  the  phantom  image 
immediately  stretched  over  an  extent  of  familiar  ground 
which  from  experience  we  know  would  require  a  good  quar- 
ter of  an  hour  to  pass  over  on  foot.  While  I  was  mentally 
trying  to  determine  the  scale  of  the  image  (which  seemed  to 
have  a  height  much  more  than  a  thousand  feet),  it  suddenW 
dwindled  down  to  its  natural  size — the  distant  mountain 
was  lost  in  the  fog,  and  a  few  moments  afterwards  I  was 
surrounded  by  the  same  envelope. 

I  very  much  regretted  not  having  a  camera  with  me  at  the 
time,  as  it  would  be  interesting  to  know  whether  the  same 
illusion  would  be  reproduced  on  the  photographic  plate. 

The  psychological  modus  operandi  of  this  particular  case 
seems  to  be  so  simple  that  I  suggest  the  following  explana- 
tion : 

The  penumbral  outline  of  the  shadow  cast  bj'  the  sun  is 
such  that  in  assuming  the  outline  to  enclose  a  real  object  it 
becomes  impossible  to  estimate  the  distance  (and  conse- 
quently the  size)  by  means  of  the  usual  unconscious  focal  ad- 
justment of  the  eyes.    The  subjective  effect  is  such  as  to  give 
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nearly  the  same  impression  as  would  be  produced  by  view- 
ing a  sharply  defined  distant  object  with  the  eyes  focussed 
on  a  point  in  space  but  a  few  yards  distant.  The  outlines  of 
such  an  object  would,  of  course,  be  blurred  if  viewed  in  this 
way,  and  there  would  be  a  constant  tendency  for  the  eyes  to 
seek  relief  from  the  strain  due  to  wrong  focal  adjustment, 
and  such  a  sensation  would  most  naturally  be  produced  by 
the  blurred  outline  of  the  actual  shadow  the  moment  a  dis- 
tant terrestrial  object  became  visible  in  the  same  direction. 
The  phantom  image  would  at  once  be  formed  in  the  distant 
well  known  but  dimly  defined  view,  especially  when,  as  in 
my  case,  one  is  not  accustomed  to  seeing  a  human  outline 
suspended  in  air  over  an  immense  canon. 

The  scale  of  the  phantom  image  will  vary  directly  as  the 
distance  of  the  well  known  terrestrial  object,  and  nearly  in- 
versely as  the  distance  of  the  fog  (shadow)  from  the  ob- 
server. 

I  now  venture  to  suggest  that  a  somewhat  similar  expla- 
nation will  account  for  the  curious  phenomenon  which  causes 
the  moon  to  appear  apparently  much  larger  when  rising  or 
setting  than  it  does  when  the  altitude  is  considerable. 

The  outline  of  the  moon  is,  of  course,  sharp  and  distinct, 
but,  on  account  of  insufl[icient  illumination,  terrestrial  ob- 
jects will  apparently  have  more  or  less  blurred  or  penumbra! 
outlines,  which  tend  to  produce  the  subjective  effect  of  caus- 
ing these  objects  to  be  apparently  so  near  that,  compared 
w^ith  their  usual  distance,  they  appear  to  be  out  of  focus  for 
distinct  vision.  The  effect  of  apparently  diminishing-  the 
known  distance  of  terrestrial  objects  without  increasing 
their  angular  magnitude,  As,  of  course,  such  as  to  cause  an 
apparent  magnification  of  the  moon's  disc. 

When  the  moon  is  at  a  considerable  altitude  the  direct 
comparison  with  distant  terrestrial  objects  is  not  so  readily 
made,  but  it  is  evident  that  on  account  of  the  increased  illu- 
mination the  outline  of  terrestrial  objects  will  be  much 
sharper,  jind,  conse(|uently  they  will  appear  to  l)e  more 
nearly  in  their  normal  i)ositions. 

Mt,  Hamilton,  Feb.  16,  1891. 


A  Personal  Equation  Macnine. 
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A  PERSONAL  EQUATION  MACHINE. 


Doubtless  most  of  our  readers  understand  that,  in  noting 
the  times  of  transit  of  a  star  across  the  lines  of  a  transit  in- 
strument, all  observers  are  liable  to  systematic  as  well  as  ac- 
cidental errors.  One  observer  will  always  note  the  time  too 
early,  another  will  always  note  it  too  late,  and  this  differ- 
ence between  the  true  time  and  that  which  is  observed  is 
called  personal  equation.  It  frequently  amounts  to  a  con- 
siderable fraction  of  a  second,  even  when  a  chronograph  is 
used  for  recording  the  time,  and  it  is  not  always  the  same 
with  the  same  person.  It  varies  with  the  physical  condition 
of  the  observer,  with  the  temperature,  and,  in  some  cases, 


with  the  apparent  speed  of  the  star  across  the  field  of  the 
telescope;  probably  also  with  the  brightness  of  the  star, the 
illumination  of  the  field  of  view,  and  the  distinctness  of  the 
lines  in  the  transit  instrument. 

One  can  easily  see,  therefore,  how  important  it  is,  in  the 
more  delicate  operations  involving  transits  of  stars,  such 
as  the  determinations  of  longitude  and  of  the  fundamental 
right  ascensions  of  stars,  that  there  be  an  independent 
means  of  determining  the  absolute  personal  equation  of  each 
observer  at  the  time  when  the  observations  are  made. 

The  accompanying  cut  is  a  reproduction  of  a  photograph 
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of  a  personal  equation  machine  recently  constructed  for 
Carleton  College  Observatory  b^^  Mr.  E.  Kahler,  of  Wash- 
ington, D.  C.  It  was  designed  b\^  Professor  J,  R.  Eastman, 
"U.  S.  N.,  the  first  instrument  having  been  constructed  in 
1875.  It  may  be  briefly  described  as  an  apparatus  by  which 
an  artificial  star  is  made  to  cross  a  reticule  of  lines  corre- 
sponding to  those  in  a  transit  instrument,  alternating  in 
direction  from  right  to  left  and  from  left  to  right,  automati- 
cally recording  the  time  of  transit  of  the  artificial  star 
across  each  line,  and  permitting  the  observer  also  to  record 
the  observed  time  of  transit  at  the  same  time. 

The  light  of  the  artificial  star  is  produced  by  means  of  a 
lamp,  shown  at  the  right  side  of  the  cut.  This  light  passes 
through  a  lens  in  the  front  of  the  lamp,  then  through  a  rec- 
tangular prism,  turning  a  right  angle  to  a  diaphragm  which 
is  pierced  with  a  small  hole  of  any  desired  size,  to  represent  a 
star  of  any  magnitude.  The  ray  of  light  thus  transmitted 
passes  across  the  top  of  the  instrument  through  a  sliding 
tube  and  lens,  b\' means  of  which  it  is  focussed  upon  a  ground 
glass  screen  in  contact  with  the  reticule,  seen  in  the  center  of 
the  cut.  The  observer  views  the  reticule  and  star  through 
the  tube  at  the  left  side  of  the  cut.  This  tube  contains  no 
lenses,  but  may  be  adjusted  to  different  lengths  to  suit  differ- 
ent eyes.  At  the  eye-end  of  the  tube,  a  little  45°  prism  is 
placed  on  a  lever,  so  that  when  desired  it  maj'  be  inserted  in 
the  line  of  sight  in  such  a  way  that  the  star  may  be  made  to 
move  apparently  in  any  desired  direction,  enal)ling  the  ob- 
server to  test  the  existence  of  an  error  dej)ending  on  the 
direction  of  the  star's  motion. 

The  motive  power  is  an  ordinary  cU)ck  movement  which 
may  be  indistinctly  seen  in  the  cut.  The  minute's  shaft  is  ex- 
tended upward  and  carries  at  the  top  a  pinion,  the  teeth  of 
which  have  been  cut  away  from  a  little  more  than  half  of 
the  circumference.  This  pinion,  turning  between  two  racks, 
moves  the  frame  carrying  the  diaphragm  and  lens,  which 
j)roduce  the  artificial  star,  alternately  forward  and  back- 
ward. The  seconds  shaft  is  also  extended  so  that  fans  of 
different  sizes  may  be  attached  to  it,  regulating  the  motion 
of  the  artificial  stfir  to  any  desired  speed. 

In  order  to  produce  the  automatic  record,  the  wires  of  a 
chronograph  circuit  arc  connected,  the  one  with  the  mov- 
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able  frame  carrying  the  artificial  star,  the  other  with  a  fixed 
plate  beneath  the  reticule.  The  under  side  of  the  fixed  plate 
is  of  platinum  and  has  a  number  of  grooves  corresponding  to 
the  lines  of  the  reticule.  The  grooves  are  filled  with  shellac. 
An  arm  from  the  movable  frame  presses  the  point  of  an  ad- 
justable style  against  the  under  side  of  the  fixed  plate,  thus 
closing  the  circuit  with  the  chronograph  except  when  the 
point  of  the  style  crosses  the  grooves.  The  observer  makes 
his  record  by  means  of  the  observing  key  which  is  used  in 
regular  observations. 

Several  diaphragms  are  furnished  with  the  instrument,  so 
that  we  can  represent  stars  of  different  magnitudes  and  also 
the  planets.  Several  reticules  also  are  furnished,  with  lines 
of  different  width  and  different  intervals. 


CURRENT  CELESTIAL  PHENOMENA. 


THE    PLANETS 

Mercury  will  be  at  superioi*  conjunction  March  23,  so  that  during  this 
month  it  will  be  hidden  in  the  Holar  rays. 

Venus  is  "morning  star,"  rising  about  two  hours  earlier  than  the  sun. 
She  is  now  only  a  little  more  than  half  as  brilliant  as  in  January,  the  light 
number  decreasing  during  the  month  from  125  to  91.  The  illuminated  por- 
tion of  the  disk  increases  in  the  same  time  from  0.580  to  0.698.  The  diam- 
eter will  be  21"  March  1,  and  16"  April  1. 

Mars  can  still  be  seen  in  the  evening  until  half  past  nine.  The  bright 
red  star  which  one  sees  towards  the  southwest  in  the  middle  of  the  zodiacal 
light  at  seven  o'clock  and  later  is  the  planet  Mars.  It  is,  however,  too  dis- 
tant from  the  earth  to  be  satisfactorily  observed. 

At  the  December  meeting  of  the  British  Astronomical  Association  Mr. 
Green  delivered  a  lecture  on  "The  Canals  of  Mars,"  in  which  he  criticised 
somewhat  Schiaparelli's  drawings,  as  lacking  in  accuracy  from  an  artistic 
standpoint.  In  the  course  of  his  lecture  he  says:  "I  have  thus,  I  think 
shown  conclusively  that  the  larger  forms  in  Schiaparelli's  drawings  differ 
considerably  from  the  forms  in  which  the  same  markings  are  represented  bv 
other  observers,  and  also  that  they  differ  amongst  themselves.  I  might 
add  that  I  could  have  established  my  point  just  as  readily  from  the  draw- 
ings of  De  La  Rue,  Lockyer,  Trouvelot,  Terby,  Knobel,  Niesten,  or  Kaiser 
as  from  those  which  I  have  selected." 

"Now,  a  very  interesting  question  comes  before  us.  What  were  the 
forms  that  the  observer  at  Milan  did  see, — for  hemust  have  seen  something, 
— which  form  the  basis  of  these  canals.    A  careful  examination  will  partly 
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answer  this  question.  I  have  in  my  hand  a  drawing  by  Schiaparelli  of  the 
1877  series,  in  which  the  '  Oculus '  is  on  the  meridian.  From  this,  passing 
directly  south,  is  a  faint  piece  of  soft  shading.  In  the  1879  map  this  is 
drawn  as  two  hard  lines,  and  in  1882  with  one  sharp  line,  so  that  we  have 
three  methods  of  representing  a  single  form.  Now  when  I  was  at  Maderia 
in  1877  I  had  some  especially  fine  views  of  this  portion  of  the  planet,  and 
had  there  been  anything  resembling  these  lines,  I  must  have  seen  it.  It 
may  be  objected  that  others  have  seen  them,  so  that  they  must  be  there. 
That  other  observers  have  seen  whatever  forms  the  basis  of  these  lines  I  do 
not  for  a  moment  doubt,  but  I  feel  thoroughly  convinced  they  have  not 
drawn  what  they  have  seen,  or,  in  other  words,  have  turned  soft  and  indef- 
inite pieces  of  shading  into  clear,  sharp  lines."  [Journal  of  British  Astro- 
nomical Association,  December,  1890.] 


Path  of  Uranus  among  thk  Staks  in  1891. 

Jupiter  is  now  "morning  star"  rising  about  half  an  hour  before  the 
sun.  In  the  latter  part  of  the  month  it  will  be  visible  for  a  Hhort  time  be- 
fore sunrise  each  clear  morning. 

Saturn  will  Ik*  at  oj)po8ition  March  4-,  so  that  it  is  now  in  its  most 
favorable  position  for  observation.  This  is  the  bright  yellow  star  which 
wc  see  toward  the  east  in  the  early  evening,  in  the  southeastern  part  of  the 
constellation  Leo.  The  diagram  which  we  gave  in  our  last  number  shows 
that  Saturn  is  now  apparently  moving  westward,  and  will  continue  to 
retrograde  until  May  1.  The  earth  is  now  uearly  4"  below  the  ])lane  of  the 
nngtand  this  depression  will  increase  until  May  1  when  it  will  be  5°  29'. 
The  suu  is  about  3°  below  the  plane  of  the  rings.     In  n  telescope  of  low 
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power  the  rings  can  hardly  be  distinguished  as  such,  but  appear  like  a 
straight  bar  of  light  passing  through  the  center  of  the  planet,  and  extend- 
ing out  from  it  on  each  side. 

Uranus  may  be  observed  after  ten  o'clock  in  the  evening.  We  give  this 
month  a  diagram  showing  the  path  of  this  planet  among  the  stars  of 
Virgo  during  the  remainder  of  the  year.  The  constellation  Virgo  rises  in 
the  southeast  about  nine  o'clock.  Uranus  is  about  equal  in  brightness 
with  the  faintest  stars  shown  in  the  cut. 

Neptune  is  toward  the  west  in  the  evening,  between  the  Hj'ades  and 
Pleiades.  He  is  moving  eastward  now  and  will  during  the  latter  half  of 
the  month  pass  by,  to  the  north  of,  the  two  eighth  magnitude  stars  with 
which  he  has  so  long  been  in  the  same  field  of  view. 

Date.  R.  A. 

1891.  h      tn 

Mar.  25 o  25.9 

Apr.     5 '  45-9 

15 247.0 

Mar.  25 21  36.0 

Apr.     5 22  25.9 

15 23  10.5 

Mar.  25 2  39.2 

Apr.     5 3  lo.o 

«5 3383 

Mar.  25 22  24.9 

Apr.      5 2234.1 

15 2241.9 

Mar.  25 10  57.5 

Apr.     5 10  54-8 

15 10  52-9 

Mar.  25 13  53.9 

Apr.     5 13  52.3 

15 13507 

Mar.  25 4  1 1.2 

Apr.     5 4  J2.I 

15 4  135 

Mar. 20 23  59.5 

25 o  17.7 

30 o  35.9 

Apr.     5 o  57.7 

10 I   16.0 

15 I  34-5 

Mar.  20 9  03.9 

25 12  56.1 

30 17  06.6 

Apr.     5 22  17.3 

10 3  01.2 

15 7  5'-6 


MERCURY. 

Decl. 

+     I   40 

+  "  55 
-f  18  44 

Rises, 
h     tn 

6     4  A.  M. 
5   59     " 

5  51    " 

VENUS. 

Transits. 

h       tn 
12    14. 1  P.  M. 
12    50.6       " 

I     12.2       " 

h 
6 

7 
8 

Sets. 

m 
24  P.  U. 

42      " 
34     " 

—  14  oS 

—  10  25 

—  6  29 

4    18  A.  M. 

4     9" 
3  59    " 

MARS. 

9   24.7  A.  M. 
9   31-2      " 
9  36.5     " 

2 
2 
3 

3'  P- M. 

53     " 
14     •• 

+  '5  56 
+  18  15 
-f-  20  04 

7    18  A.  M. 
655      " 

6  36     " 
JUPITER. 

2    27.2   P.  M. 
2    14.6       " 
2   03.6      " 

9 
9 
9 

36  p.  M. 

34     •' 
31     '• 

-  10  49 

-  9  58 

-  9  13 

4   54  A.  M. 

4    16      " 

3  41     " 

SATURN. 

10    13.7  A.  M. 

9  39-6     " 
9  08.0     '• 

3 
3 
2 

34  P.  M. 
3      " 

35  *• 

+    9  01 
+    9  17 
4-928 

4      5  P-  M. 

3  18     " 
2  35     " 

10  44.1  p.  M. 
9  58.2     " 
9  16.9    " 

5    24  A.  M. 

4  39     " 
3  58     '• 

URANUS. 

—  II  05 

—  10  56 

—  10  47 

8   21   P.  M. 

7  35     " 
6  54    " 

NEPTUNE. 

I    40.0  A.  M. 
12    55.1       " 
12    14.2      •* 

6 
6 
5 

59  A. M. 

15   " 

35    " 

4-  19  29 
+  >9  33 
+  '9  37 

8   34  A.  M. 

7  51     " 
7  »3     " 

THE   SUN. 

3  590  p.  M. 
3  16.8    " 
2  38.7    " 

II 

10 
10 

24  p.  M. 

42      •« 
4     " 

-    0  03 

+    1  55 

+    3  52 

4-     6    ID 
+    803 

-H   9  52 

6      3  A.  M. 

5  54     " 
5  45     " 
5  34     " 
5  25     '* 
5  .6     " 

THE   MOON. 

12    07.6  p.  M. 
12    06.0       " 
12    04.5       " 
12    02.7       " 
12    01.3       " 
12    00.0       " 

6 
6 
6 
6 
6 
6 

12  p.  If. 

18     " 

24     *' 

31     " 
38     " 
44     " 

4-21  29 

-  I  35 

-  23  52 

-  16  04 

+  15  24 

+  24  57 

I    20  P.  M, 

631       '• 
II    56      " 

4  08  A. M. 

5  48    '• 

10  08    " 

9   10.9  p.  M. 
12    42.7  A.  M. 

4  33-4     " 
9  23.4     " 
I  46.5  p.  M. 
6  16.7     " 

4  52  A. M 
6  40     " 
9  03     " 

2    36  p.  M. 

9  12     '' 
2   20  A.  M. 
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Phases  and  Aspects  of  the  Moon. 

Central  Time. 

d        h     m 

First  Quarter. 

1891  Mar.  17     3  10  a.m. 

Anoe'ce 

"          "       22      3  40  p.  M. 

Full  Moon 

'•'      25     7  12  a.m. 
"       Apr.      2   12  80     " 

Last  Quarter. 

Perigee 

7     4  10     " 

New  Moon 

8     2  57  p.m. 

Occultation 

s  Visible 

at  Washington. 

IMMERSION.         EMERSION. 

Star's 

Magni- 

Wash. 

Angle  f 'm     Wash.       Angle  f  ni 

Dura- 

Pate 

Name. 

tude. 

Mean  T. 

N.  P't.      Mean  T.        N.P't. 

tion. 

h     m 

°                h     m                  ° 

h  m. 

Mar 

.  16...121  Tauri 

6.0 

ID   15 

156           10  42.5              205 

0  27 

18... A  Geminorum      5.7 

8  17 

95           9  44-1            288 

I   27 

29. ..to'  Scorpiit 

4.6 

10  14 

62         ID  50.0            350 

0  36 

29... (»2  Scorpiit 

4.6 

10  27 

96         II  27.0            316 

I  00 

Apr. 

ii...(»2  TauriJ 

6.3 

9  47 

126         10  23.6           217 

0  37 

t  Immersion  below  the  horizon  of  Washington. 

%  Emersion  belo 

w  the  horizon  of  Washington. 

Minima  of  Variable  Stars  of  the  Algol  Type. 
[The  times  are  given,  to  the  nearest  hour  of  Central  Time,  of  only  those 
minima  which  can  be  observed  in  the  United  States.] 


U  CEPHEI. 

R.  A Qi^  52""  32' 

Decl +  81°  17' 

Period 2d  ll^  50™ 


^ar.  19 

10  p 

24 

9 

29 

9 

Apr.    3 

9 

8 

8 

13 

8 

ALGOL. 

R.  A Si^Ol^Ol* 

Decl... +  40°  32' 

Period 2d  20''  49'" 


M. 


Mar.  21 

5  A.  ! 

24 

2     " 

26 

11  P.  1 

29 

8     " 

Apr.  13 

4     " 

15 

midn. 

R  CANIS  MAJ. 

I.  A 

..7»»  14'" 

30* 

Decl —  16*11' 

Period \d  3''  16™ 


Mar.  19 
27 
28 

Apr.  5 
13 


9  I 

H  " 
i)ii<ln. 
lo  I'.  : 


M. 


S.  CANCRL 

R.  A 8h37'"39» 

Decl +  19°  26' 

Period 9d  11"  38™ 

Mar.  30  7  p.m. 

Apr.  18  7    " 

S  ANTLT^. 

R.  A 9'»27'"30» 

Decl —28°  09' 

Period 7*'  47™ 


Mar.  16 
17 
18 
19 
20 
21 
27 
28 
29 
30 
31 
Apr.  9 
10 
11 
12 


11  P.  M. 

10  " 

10  " 
9  " 
9  " 

8  " 

11  " 
11  " 
10  " 

9  " 

8  " 
10  •• 

10  " 

9  " 

8  P.M. 


S  LIBR.45. 

R.A 14^55'"  06' 

Decl —  8°  05' 

Period 2d  07»' 51™ 


Mar.  21 

28 

Apr.  4 

11 


midn. 
11  p.  m. 
11    " 
10    " 


U  CORONA. 

R.A 15'>13™43' 

Decl +  32°  03' 

Period 3cf  lOi^  51™ 

Mar.  16  2  a.m. 

22  midn. 

29  9  p.  M. 

Apr.    2  7    " 

u  opiiiucrn. 

R.  A 17''  10™  56« 

Decl +     1°  20' 

Period. Od  20'' 08™ 

Mar. 


Apr. 


16 

.  midn. 

21 

5  a. 

M. 

22 

Ip. 

M. 

26 

2  a. 

M. 

26 

10  p. 

M. 

1 

3  a. 

M. 

1 

11  i>. 

M. 

(> 

3  a. 

M. 

6 

11  P. 

M. 

11 

4  a. 

M. 

11 

midti 

. 
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Mr.  Marth's  Ephemerides  of  Saturn's  Satellites. 

[Reduced  to  Central  Time;  from  Monthly  Notices,  Vol.  LI.  Nov.  1890;  Di  =  Dione ; 
En.  =  Enceladus;  Mi.  -  .Mimas;  Rh.  =  Rhea;  Te.  =  Teth.vh;  Tl.  =  Titan;  c  =  conjunc- 
tion with  the  center  of  planet;  f  =  conjunction  with  followinif  end  of  rinR;  p  =  coDJuuc- 
tion  with  procedinK  end  :  n  =  north ;  a  =  south  of  the  major  axis  of  the  rinif;  e  =  eastern 
elongation  :  w  =  western  elongation.] 
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14    2.0  a 

m 

.  Mi.  fs 

2.3 

Te.  ps 

11.9 

En.  pn 

1.3  p 

.  m 

.  Mi.  pn 

March  14  4  9 
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Apparent  Orbits  of  the  Seven  Inner  Satellites  of  Saturn,  May  17, 
1891,  AS  Seen  in  an  Inverting  Telescope. 

{The  Vertical  Scale  is  Twice  the  Horlxontal  One.) 


A  new  minor  ])lanct  of  the  twelfth  magnitude  was  discovered  by 
Charlois,  of  Nice,  February  11.408H,  having  rJKht  ascension  9''  51"'  35M 
and  declination -f  14°  53'  38".  Daily  motion  is  right  ascension,  —13', 
and  declinati<»n,  —  4'.    Possibly  No.  (302). 

A  new  minor  planet  of  the  twelfth  ninKiiiludc  was  discovered  by  Millos- 
cvich,  February  12.G03  in  right  ascension  9''  Gl'"  2G";  in  declination,  +  10° 
62'  41",    Daily  motion  in  right  asceusion,  —  1  3',  in  dcrlination,  —  3'. 


A  new  minor  planet  of  the  thirteenlh  ni.ignitudc  was  discovered  by 
Palisn.  of  Vienna,  February  14.575,  with  right  ascension  10''  33'"  8'  and 
<lcclination  -f  0"  40'.  Daily  motion  in  right  ascension,  —  22',  and  in  dec- 
Jiii.'iiw.n,  —  8'. 
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Another  asteroid  of  the  eleventh  magnitude  was  discovered  by  Charlois, 
of  Nice,  February  16.629,  the  right  ascension  being  9*"  41™  32%  the  declina- 
tion, -(-  7°  2'  24.".  Daily  motion  is  —  12'  in  right  ascension ;  in  declination, 
—  5'. 


COMET  NOTES. 

Ephemeris  of  Comet  1890  II  (Brooks,  March  19).  From  Berberich's 
elements  as  given  in  A.  N.,  Vol.  124,  p.  301,  I  have  computed  the  following 
€phemeris : 


Gr.  M.  T. 

App.  R. 

A. 

App.  Dec. 

o     / 

Logr. 

Log -4. 

March  1.5 

10 

50 

48 

+  36 

29 

0.5653 

0.4437 

3.5 

45 

59 

36 

26 

5.5 

41 

15 

36 

24 

0.5695 

0.4510 

7.5 

36 

37 

36 

19 

9.5 

32 

7 

36 

15 

0.5736 

0.4593 

11.5 

27 

44 

36 

7 

13.5 

23 

29 

36 

1 

0.5776 

0.4684 

15.5 

19 

23 

35 

52 

17.5 

15 

25 

35 

42 

05817 

0.4782 

19.5 

11 

36 

35 

31 

21.5 

7 

56 

35 

20 

0.5857 

0.4886 

28.5 

4 

26 

35 

7 

25.5 

10 

1 

6 

34 

54 

0.5896 

0.4995 

27.5 

9 

57 

55 

34 

40 

29.5 

54 

53 

34 

26 

0.5935 

0.5106 

31.5 

52 

0 

+  34 

11 

0.  C. 

Wendell. 

Harvard  College  Observatory,  Feb, 

14,  1891, 

In  an  article  in  The  Messenger  for  February  the  periodic  comets 
that  are  expected  to  return  to  perihelion  during  the  present  year  are 
mentioned.  I  find  that  Tempel's  comet,  discovered  in  1867,  is  included  in 
the  list. 

In  No.  2656  of  the  Astronomische  Nachricbtea  Professor  Gautier  has 
given  the  result  of  his  work  on  the  orbit  of  this  periodic  comet,  and  explains 
the  large  perturbations  it  received  from  1879  to  1885. 

The  following  are  the  elements  as  determined  by  Professor  Gautier: 
T  =  1879,  May  7.4418  Berlin  M.  T.  T  =  1885,  Sept.  25.7649 

Q   =    78°    46'    53"  Q  =    72°    24'       9" 

oa  =  159      38      24  eo  — 168      57      41 

j  =      9      46      17  /  =    10      50     27 

^  =    27      32      29  <p=    23      53      57 

M  =  593".140  M  =  545".3073 

loga=      0  .517900  log  a  =      0  .542244 

By  comparing  these  elements  it  wil  be  seen  that  the  comet  was  greatly 
perturbed  during  the  interval  from  1879  to  1885,  and  that  its  return  in  the 
latter  year  was  retarded  about  148  days.  If  the  perturbutions  that  have 
occurred  from  1885  to  the  present  time  have  been  small  the  comet  will 
not  return  to  perihelion  until  the  early  part  of  1892. 

The  error  in  predicting  the  return  of  the  comet  in  April  of  this  year  has 
probably  originated  in  using  the  elements  for  1879,  instead  of  those  deter- 
mined in  1885.  Geo.  A.  Hill. 
Washington,  D.  C,  February  11,  1891. 
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Periodic  Comets  soon  Due  at  Perihelion.  We  give  this  month  a  chart 
of  the  orbits  of  the  periodic  comets  which  are  due  at  perihelion  in  1891  and 
the  early  part  of  1892,  with  the  orbits  of  the  Earth,  Mars  and  Jupiter. 
The  orbits  are  plotted  as  if  thej*  were  in  the  plane  of  the  eclijjtic,  but  those 
portions  which  lie  below  the  plane  are  represented  by  dotted  lines.  The 
places  and  dates  of  each  comet's  nearest  perihelion  and  aphelion  passages 
and  also  its  place  in  orbit  on  March  1, 1891,  are  shown  upon  the  chart.  In 
calculating  these  places  and  dates  we  have  used  the  best  elements  which  we 
could  find  at  hand,  the  authorities  being  Bossert,  Astr.  Nacb.  114-95^ 
Thraen,  Astr.  Nach.,  117-65;  Gauticr,  Astr.  Nach.,  111-241;  von  Haerdtl, 
Astr.  Nach.,  126-171,  and  Young's  General  Astronomy  5.32.  The  place  of 
the  earth  at  the  beginning  of  each  month  and  that  of  Jupiter  at  the  begin- 
ning of  each  j-ear  are  shown  on  the  chart. 


1^  )«« 


^tt*. 


An  itlHpection  of  the  chart  shows  that  Tem|R'rs  comet  was  near  to 
Jupiter  in  IHHl  and  1HH2  and  for  two  vcnrH  must  have  sutfcred  strong  jter- 
turbjitionH.  Mr.  (iautier  calculated  th»it  the  |)erturbati<ms  would  retard 
the  ijcrihclion  pnHsagc  in  1885  about  148  days.  The  jK-'riod  would  be 
c-honKcd  from  O.im  yearn  to  0.51  ycnm.  Tins  comet  was  not  detected  in 
18K5  t)ccnuMr,  probably,  of  ItH  unfavorable  jmsition.  No  8cri«>u8  disturb- 
ance of  iti  po  •  h  should  have  occurred  since  1885,  so  that,  if  f.autier's  ele- 
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-ments  are  correct,  it  should  be  at  perihelion  in  February,  1892.  It  will  then 
be  as  unfavorably  placed  as  in  1885. 

The  first  to  reach  perihelion  this  year  will  be  Wolfs  comet  1884  III,  due 
Aug.  28.  It  was  at  aphelion  in  1888,  but  was  so  far  behind  Jupiter  that 
but  little  change  may  be  expected  from  his  influence.  It  was  observed  for 
seven  months  in  1884  and,  although  not  quite  so  favorably  situated  this 
year,  ought  to  be  easily  found  in  June  or  July,  as  it  was  a  rather  bright 
telescopic  comet. 

Enckc's  comet  will  be  the  next  to  come  to  perihelion,  Oct.  17,  but  will 
then  be  almost  behind  the  sun.  It  may  be  seen  in  Septemljer  and  the  first 
days  of  October. 

In  our  hastily  prepared  note  last  month  we  inadvertently  said  that 
Temple-Swift's  comet  would  probably  not  be  detected.  A  glance  at  the 
chart  shows  that  this  comet  will  be  very  favorably  situated  in  November, 
being  opposite  the  sun,  and  approaching  within  about  10,000,000  miles  of 
the  earth.  It  was  in  1880  a  faint  diffuse  object,  several  minutes  in  diame- 
ter, and  it  was  observed  for  fourteen  weeks.  It  ought  this  year  to  be 
picked  up  in  August  and  to  be  followed  at  least  six  months. 

Winnecke's  comet  was  quite  near  toJu])iterin  1882  and  1883  and  its 
orbit  was  considerably  changed  at  that  time.  Its  perihelion  passage  in 
1886  was  considerably  retarded.  This  comet  is  now  about  four  times  as 
far  distant  as  the  sun,  yet  it  is  possible  that  some  of  the  great  telescojies 
may  be  able  to  bring  it  to  sight.  In  Astr.  Nach.  No.  3011,  Dr.  von  Haerdtl 
has  published  an  ephemeris  for  January  of  this  j'ear,  which  had  previously 
been  forwarded  to  Messrs.  Barnard,  Perrotin  and  Palisa,  observers  who 
have  the  use  of  giant  telescopes.  We  have  not  heard  yet  that  any  of  them 
have  been  able  to  detect  the  comet.  At  its  perihelion  passage  in  June,  1892, 
it  will  pass  quite  near  the  earth  but  at  the  the  nearest  approach  will  be  in- 
volved in  the  rays  of  the  sun  so  as  not  to  be  seen.  For  two  montlis  be- 
fore perihelion  it  will  be  very  favorably  situated  for  northern  observers. 

A  Magnificent  Meteor.  On  Wednesday  evening,  Jan.  28,  at  8  o'clock 
local  mean  time,  a  meteor  of  remarkable  brilliancy  was  seen  from  the  Ob- 
servator3'  of  the  University  of  the  Pacific.  The  path  described  was  from 
the  Pleiades  to  Mira  in  Ceti,  where  it  divided  into  three  parts.  The  bril- 
lianc}'  greatly  exceeded  that  of  the  electric  lights  shining  on  the  Alameda  at 
the  time.    The  coloration  was  that  of  magnesium.  T.  C.  George. 

College  Park,  California,  Jan.  31,  1891. 

Prominences  in  January. 
Date.  Position  Angles. 

4th 135,228,327 

7th 74,  123,  220.  309 

10th 51,55,  220 

12th 47.  51.  71,  76,  138 

(No  examination  beyond  140°  on  account  of  clouds.) 

13th 45.  60,65,75 

15th 35,  128,  223,  313 

19th 135,228,  240 

23d 33,  220,  230.  256 

25th 30.  205,  227,  300 

26th 25,  41,  57,  107,  134,  209,  215,  220,  290,  294,  312 

27th 55,  105.  135,  215.  308 

.30th 37,  208.  313 

Camden  Observatory.  Feb.  1,  1891. 
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Sun  Spot  Observations,  Alta,  Iowa.    (Continued.) 

DECEMBER,  1890. 
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David  E.  Hadden. 


Alta,  Iowa,  Feb.  14th,  1891. 


Sun  Spot  Observations,  made  bj'  Caroline  Fiirniss,  student  at  Vassar 
College,  with  a  three-inch  Clark  telescope. 
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NEWS  AND   NOTES. 


Regular  mailing  day  for  The  Messenger,  for  each  month,  is  the  last 
day  of  the  preceding  month.  If  subscribers  do  not  receive  The  Messenger 
promptly  after  such  mailing  date,  please  notify  the  publisher  and  the  want- 
ing numbers  will  be  supplied. 


The  new  universal  spectroscope  constructed  for  the  16-inch  telescope  for 
Carleton  College  Observatory  is  now  nearly  completed.  It  will  be  ready 
for  laboratoiy  use  in  a  few  daj's.  Mr.  Brashear,  of  Allegheny,  Pennsylva- 
nia, is  the  maker. 

We  have  received  an  excellent  article  from  Professor  Lewis  Boss,  Di- 
rector of  the  Observatory  at  Albany,  N.  Y.,  with  title,  "  .\n  Irrepressible 
Conflict."  It  is  a  brief  history  of  the  management  of  the  United  States 
Naval  Observatory.     It  will  appear  in  our  next  number. 


Attention  is  called  to  the  new  advertisement  of  The  E.  Howard  Clock 
and  Watch  Company  of  Boston  and  New  York.  We  are  glad  to  notice 
that  this  old  and  reliable  company  offers  clocks  with  electrical  attachments 
for  use  in  transmitting  time-signals  for  railway  purposes.  Particular 
notice  of  this  fact  is  given  to  the  ofllicers  of  railway  companies  everywhere. 
If  they  desire  to  obtain  their  time  from  local  observatories  this  can  be 
done  by  the  use  of  these  clocks,  which  we  know  will  give  better  service  than 
that  which  the  Western  Union  Telegraph  Company  can  do  through  its 
Pond  clock  that  is  being  industriously  pushed  in  the  large  cities  for  this 
purpose. 

Time  for  Railways.  We  have  seen  the  working  of  this  mongrel  time 
system  by  the  tri-partite  arrangement  between  the  U.  S.  Naval  Observa- 
tory, the  Western  Union  Telegraph  Company  and  a  certain  clock  company 
in  New  York  for  the  last  year,  for  we  effected  an  arrangement  whereby  we 
could  know  of  the  reliability  of  the  service  in  comparison  with  the  North- 
field  time  daily,  and,  as  was  expected,  it  proves  unworthA'  of  the  confidence 
of  those  who  must  have  accurate  time  in  business.  A  jeweler  as  a  time 
keeper  in  regulating  watches,  taxes  a  regulator  as  severely  as  an  observa- 
tory does  its  time-piece  in  fundamental  work,  and  the  tact  that  any  jeweler 
should  be  misled  by  the  supposition  that  he  is  getting  Washington  time 
in  any  western  cit\'  necessarily  because  the  '  notice '  on  the  clock  case  says 
so,  is  a  great  surprise  to  anyone  who  takes  the  trouble  to  find  out  what 
the  facts  are.  The  difficulty  is  not  so  much  in  the  time  itself  when  it  is 
received  by  jewelers  as  it  is  in  the  reliability  of  the  transmitting  clock  to 
give  it  when  recieved  on  the  wire.  The  Pond  correcting  or  synchronizing 
apparatus,  by  which  the  work  of  setting  the  local  clock  is  done,  is  one  of 
the  poorest  that  to  our  knowledge,  has  ever  been  put  to  public  use.  This 
is  the  main  reason  whv  local  time  bv  this  svstem  is  so  unreliable. 
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The  Howard  Clocks  for  local  telegraphic  signals  and  service  for  rail- 
way's and  jewelers  will  do  away  with  the  cause  of  bad  service  mentioned 
above,  because  thej'  are  better  clocks  and  their  sj'nchronizers  are  reliable. 
As  for  the  time  it  is  a  well  known  fact  in  observatories  that  the  Western 
/  Union  Telegraph  Company  appropriates  the  local  time  of  local  observa- 
\.  tories  to  their  own  use  whenever  thej'  care  to  do  so  and  thus  obviate  the 
need  of  transmitting  the  Washington  time  long  distances.  Astronomers 
can  very  easily  know  when  this  is  done,  for  thej-  have  means  of  proof,  and 
we  know  it  has  been  done  repeatedlv  in  the  west,  and  local  officers  of  the 
telegraph  company  admit  it.  But  the  practice  of  seizing  the  local  time 
which  is  the  propertj'  of  local  observatories  still  continues. 


New  Variable  Star  in  Catnelopardalis.  [Communicated  by  Edward  C. 
Pickering,  Director  of  Harvard  College  Observatory.]  The  photometric 
measures  of  DM.  +  62°  596  made  at  this  Observator\'  were  discordant  and 
differed  greatly  from  the  magnitude  6.6  given  in  the  Dtn-chmusterung. 
This  star  is  Dun^r  II,  7,  whose  approximate  position  for  1900  is  in  R.  A. 
3^  33.2'",  decl.  +  26°  20'.  Photographic  charts  of  this  region  were  there- 
fore taken  to  determine  whether  the  disagreement  was  due  to  errors  in 
measurement,  or  to  variations  in  the  light  of  the  star.  The  latter  proved 
to  be  the  case,  since  charts  taken  on  Jan.  3,  Feb.  13,  April  1,  April  5,  April 
11,  April  16,  Oct.  15.  Oct.  17,  Nov.  19,  Nov.  25,  Dec.  5,  1890,  Jan.  16  and 
Feb.  1,  1891,  give  the  approximate  magnitudes  7.4,  7.5,  7.5,  7.3,  7.5,  7.5, 
<  8.7,  8.1,  8.5.  8.5,  8.8,  8.1  and  7.8  resi)ectively.  A  correction  of —  3.6 
magnitudes  has  been  applied  to  the  photogra])hic  measures  of  this  star  to 
render  them  comparable  with  visual  observations.  The  star  DM.  -(-  53° 
2684,  magn.  8.6,  announced  as  a  variable  bj-  the  Rev.  T.  E.  Espin  in  Circu- 
lar No,  28  of  the  Wolsingham  Observatory,  has  been  measured  on  five 
charts.  They  were  taken  on  Dec.  16,  1887,  Sept.  1,  Sept.  29,  Dec.  7,  1890, 
and  Jan.  15,  1891,  and  gave  the  approximate  magnitudes  10.2,  10.7,  10.8, 
10.4.  and  10.0  respectively,  thus  confirming  the  variability  of  this  star. 

Harvard  College  Observatory,  )  M.  Fleming. 

Cambridge,  Mass,.  Feb,  11,  1891,] 


Saturn  in  1891.  Those  who  are  interested  in  reading  the  continued 
article  from  the  i)en  of  Professor  E,  L.  Trouvelot  on  the  phenomena  observed 
up<jn  Saturn  at  the  time  of  the  passage  of  the  sun  and  of  the  earth  through 
the  plane  of  its  rings  in  1877-1878,  will  find  the  most  comjjlete  series  of 
obttcrvations  of  certain  features  of  the  ball  and  rings  of  Saturn  that  we 
know  of  anywhere.  Tlicy  are  so  instructive  and  will  be  so  useful  to  those 
who  wish  to  make  the  system  of  Saturn  during  the  i)resent  year  the  object 
of  ((|Krcial  study  that  the  entire  long  paper  has  been  translated  (rom  the 
French  furTiiK  Mi:ssI':n(;i:h.  The  conclu(lin>{  part  of  it  will  ap|)e.ir  in  the 
April  miiuiIht.     Tf.'ii'licrs  oC  jisI  roiminv  will  liml  I  lie  .'irt  ij-li'  liclptnl. 

Iliitlitn  II  (Jhsvrv/iCorv,  Siinitnj^.i  S/n  iti^s,  ,V.  Y.  Some  line  diawings  of 
Jii|Mtcr,  HH  Hccn  and  drawn  by  I',  j.  del  Corral,  Nov.  K),  1890,  have  been 
nHowu  uh.  The  work  hIiowh  much  detail  for  a  six-inch  telescope,  and  the 
hand  of  the  artiiit  in  iti«  neat  execution  in  India  ink.  We  will  give  a  fuller 
report  of  work  nt  thin  Olmervntury  next  time. 
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Sunspot  Observations.  In  view  of  the  great  Tinml)er  of  sunspot  obser- 
vations that  come  to  hand  for  publication,  from  month  to  month,  and  the 
very  considerable  space  required  for  them  by  the  different  forms  of  observa- 
tions chosen  by  different  persons,  it  has  been  thought  best,  in  the  future  to 
print  this  matter  in  another  form,  as  an  apjiendix  to  The  Messenger  to 
be  given  once  in  three  months.  The  data  requested  are  dates  of  observation 
in  central  time,  number  of  groups  of  spots,  number  of  spots,  definition,  ob- 
servers, and  remarks.  The  first  appendix  will  appear  in  June.  If  observers 
will  send  us  all  unpublished  observations  for  this  j'car  to  that  date  we  will 
try  to  arrange  them  in  suitable  form  for  publication.  It  is  hojjed  that 
g;reat  pains  will  be  taken  bj'  all  observers  to  obtain  accurate  data.  We 
have  noticed  unexpected  disagreement  in  some  observations  of  the  past. 


Annals  of  Harvard  College  Observatory,  Vol.  23,  Pt.  1.  This  part  of 
volume  23  of  the  Observations  of  Harvard  College  Observatory  is  devoted 
to  the  discussions  of  observations  made  with  the  Meridian  Photometer 
during  the  years  1882-8,  the  report  being  made  by  Professor  E.  C.  Picker- 
ing and  assistant  O.  C.  Wendell.  The  frontispiece  is  a  fine,  large  picture  of 
the  Meridian  Photometer,  then  follows  a  description  of  the  instrument,  de- 
tailed statement  of  the  results  of  work,  discussion  of  observations  of  stand- 
ard circumpolars  tars  and  atmospheric  absorption  and  discordant  obser- 
vations. At  the  close  of  this  part,  the  remarks  on  the  comparison  of 
photometric  methods  are  very  instructive.  The  ex]ierience  of  the  observers 
in  this  line  of  work  is  shown  in  the  fact  that  during  the  last  twelve  years 
617,287  photometric  measures  of  various  kinds  have  been  made. 


New  Theory  of  the  Universe.  In  the  February  number  of  Lij)pincott*s 
Magazine  will  be  found  an  article  by  Charles  Morris  on  "A  New  Theory-  of 
the  Universe."  The  aim  of  the  author  is  to  present  the  new  theorj'  advo- 
cated by  J.Norman  Lockyer,  generally  known  as  the  Metoritic  Hypothesis. 
His  statement  in  ont^  paragraph  is:  "One  striking  result  of  the  recent  inves- 
tigation apjiears  to  be  the  probable  overthrow  of  that  grand  nebular  hy- 
pothesis which  has  been  of  such  intense  interest  to  contemplative  mankind, 
«nd  which  seemed  almost  as  thoroughly  based  as  the  theorj-  of  gravita- 
tion." 

In  speaking  of  comets,  the  author  makes  the  remark  that  the}'  are  not 
■daughters  of  other  systems  that  have  escaped  and  come  to  us.  "To  be 
taken  prisoner  bj'  a  solar  system  is  the  end,  not  the  beginning  of  a  comet's 
career.  Once  captured  it  can  never  escape  again.  Ever}'  comet  probably 
l>egan  its  life  as  a  rover;  all  may  end  as  members  of  solar  systems."  These 
statements  certainly  show  that  the  author  has  not  rightly  understood  the 
writings  of  astronomers.  If  he  has  known  it,  he  has  forgotten  the  history 
of  Lexell's  Comet  and  others  that  might  be  mentioned,  to  say  nothing  of 
the  families  of  comets  belonging  to  the  great  planets.  We  do  not  think 
that  astronomers  are  ready  yd  to  admit  that  the  nebular  hypothesis  is  at 
all  in  danger  from  the  valuable  work  of  Mr.  Lockj-er.  The  meteoritic  the- 
ory must  be  tested  much  more  thoroughly  than  it  has  been  so  far,  before  a 
scientist  will  sa}-,  with  authority,  that  the  nebular  hypothesis  is  in  danger 
of  being  overthrown  b}'  it. 
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Special  Studies  in  Mathematics  and  Astronomy.  A  three  years'  course 
of  post-graduate  studies  in  pure  mathematics  and  practical  astronomy  has 
been  undertaken  at  Carleton  College,  Northfield,  Minn.  A  class  of  three 
members  was  formed  in  September  last,  and  began  regular  work  in  Chau- 
venet's  trigonometry.  The  first  ten  chapters  of  the  plane  trigonometry  of 
that  work  and  the  first  four  chapters  of  the  spherical  part  have  been  com- 
pleted and  a  thorough  written  examination  given  on  the  same.  In  addi- 
tion to  this  at  least  four  hours  per  day,  by  each  student,  has  been  given  to 
reductions  of  the  observations  by  the  Meridian  Circle  in  the  preparation  of 
the  regular  publications  of  the  Observatory,  or,  in  other  similarlj'  useful 
and  original  work.  For  such  work  the  student  is  paid  twenty  cents  per 
hour  from  the  reduction  and  publication  fund  belonging  to  the  Observatory', 
On  clear  nights  the  students  assist  in  observations,  by  recording,  reading 
micrometers,  and  when  in  practice  sufficiently  by  making  the  observations 
themselves.  The  class  is  now  at  work  on  Howison's  Analj'tic  Geometry, 
reviewing  and  completing  Bowser's  Calculus,  and  beginning  Chauvenet'& 
Practical  Astronomy-. 

Co-operation  among  Amateur  Observers.  The  plans  recently  developed 
by  the  British  Astronomical  Association  for  co-operation  of  amateur  ob- 
servers in  the  various  fields  of  work  open  to  them  is  certainly  worthy  of 
general  attention  and  extended  application.  The  plan  of  the  society  is  to 
divide  such  work  into  sections  and  place  at  the  head  of  each  section  some 
competent  person  to  direct  the  work  of  all  who  become  members  of  it. 
The  societ3'  has  already  organized  the  following  sections  by  name,  with  di- 
rections for  each  as  given  below : 

Section.  Director. 

Solar  K.  Brown 

Lunar  Thomas  Gwyn  Elger 

Jupiter  W.  R.  Waugh 

Colored  Star  W.  S.  Franks 

Variable  Star  J.  F.  Gore 

Double  Star  Kenneth  J.  Tarrant 

Meteoric  David  Booth 

Each  jjerson  in  charge  of  a  section  gives  exjilicit  directions  to  the  ob- 
servers and  maps  out  work  for  tlicm,  the  results  of  which  arc  reported  from 
time  to  time,  and  examined  and  given  such  ])Iace  in  ])ermanent  records  us 
they  deserve.  It  has  occurred  to  us  often  that  some  such  plan  ought  to  be 
adopted  and  j)ut  into  ojjeration  in  various  parts  of  the  United  States. 
From  the  many  letters  that  we  have  received  on  this  subject  it  would  seem 
that  a  considerable  number  of  observers  in  different  lines  of  work  would 
gladly  co-operate  and  thereby  make  it  possible  soon  to  collect  a  volume  of 
varied,  useful  ohservations  tiiat  science  can  not  Iiojk'  to  get  from  astron- 
omers alreatly  employed  in  special  work  tiiat  consinncs  their  whole  time 
and  energy.  We  have  spoken  of  this  matter  and  received  sonic  letters  con- 
cerning it,  but  Hcareely  a  nutnlx-r  large  enough  to  warrant  a  very  general 
preparation  for  a  inovetn«nt  of  thiM  kind.    Corrcnpundencc  is  still  desired. 

Dr.  F.  Terby  of  the  private  Obnervatory  of  Louvain,  Belgium,  lias 
kindly  favored  uh  with  copies  of  seven  different  i)a|K'rH  or  abstracts  of 
|i<i|ierM  on  nHlronomical  Mubjects,  prepared  by  himself  recently. 
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Dr.  James  Croll.  American  scientists  will  be  saddened  to  learn  of.  the 
recent  death  of  the  distinguished  writer,  Dr.  James  Croll,  F.  R.  S.,  who  had 
reached  the  seventieth  year  of  his  age.  It  is  said  that  Dr.  Croll  had 
been  suffering  a  long  time  from  a  mortal  malady  but  remained  at  his  work 
almost  to  the  last.  Without  the  advantages  of  early  scientific  training, 
Mr.  Croll  had  raised  himself  from  a  very  humble  social  position  to  that  of  a 
recognized  authority  in  his  special  subjects,  notably  those  connected  with 
the  relation  of  climate  to  geological  phenomena.  As  further  reported  in  the 
Scientific  American  it  appears  that  "  some  years  ago  by  the  influence  of  Sir 
A.  Ramsej',  Dr.  Croll,  then  resident  of  Glasgow,  was  appointed  an  officer  of 
the  Geological  Survey  of  Scotland.  Although  best  known  by  his  work  on 
"Climate  and  Time,"  he  was  the  author  of  several  others  such  as  "  Climate 
and  Cosmology,"  "Stellar  Evolution,"  and  the  Philosophy  of  Theism. 
The  originality  of  his  views  frequently  brought  him  into  controversy  with 
scientific  men  who,  differing  from  his  opinions,  learned  to  respect  him  as  a 
doughty  antagonist  who  had  something  to  say  and  knew  how  to  say  it." 
Dr.  Croll's  investigations  brought  him  into  the  discussions  of  ctrtain  ques- 
tions in  astronomy  and,  in  this  way  The  Messenger  more  than  once  was 
chosen  as  the  means  of  expressing  his  views  to  his  American  friends. 


Vassar  College  Sunspot  Observations.  By  a  late  private  letter  from 
Miss  Mary  W.  Whitney,  Director  of  the  Observatory  at  Vassar  College, 
Poughkeepsie,  N.  Y.,  we  learn  that  students  in  astronomy  of  that  college 
have  made  sunspot  observations  since  1882.  and  that  the  results  of  ob- 
servation have  been  platted  on  squared  pai)er  for  the  purpose  of  finding  the 
maximum  of  the  present  period.  Miss  Whitney  has  kindly  shown  us  the 
simspot  curve  so  represented  between  the  3'ears  1884'  and  1891,  which  fixes 
the  maximum  in  January,  188-1.  We  defer  reproducing  this  interesting 
curve  in  the  hope  of  having  it  extended  backward  to  the  date  of  1882,  and 
further  if  possible.    This  we  have  already  asked  for. 


The  \e\v  Naval  Observatory  is  nearly  ready  for  use,  and  in  view  of  this 
fact  the  old  cjuestion  recurs  to  the  minds  of  those  interested  in  this  line  of 
scientific  work,  whether  it  is  not  now  an  opportune  time  to  change  the 
administration  of  the  Observatory-,  and  put  it  under  comiietent  civilian 
control.  Has  not  the  time  come  in  the  history  of  this  government  and  this 
country,  when  scientific  men  should  be  called  to  places  of  large  scientific  re- 
sponsibility and  should  be  expected  themselves  to  have  the  control  of  such 
positions  and  chiefly  because  of  their  |)eculiar  fitness  for  such  work  ?  The 
reasons  for  such  a  course  are  so  evident  to  anyone  that  it  seems  useless  to 
argue  the  matter. 

Wolsingham  Observatory.  We  have  been  favored  by  a  report  for  1890 
of  work  done  at  Wolsingham  Observatory,  Tow  Law,  Darlington,  Ireland. 
It  embraces  search  for  stars  with  j>eculiar  spectra.  Seventy  have  been  de" 
tected  during  the  year,  making  a  total  number  of  530.  Work  on  the  new 
edition  of  "Red  Stars"  has  been  completed  and  published.  Other  interest- 
ing matter  is  foimd  in  this  brief  report.    T.  E.  Espin  is  Director. 
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Photographic  Notes.  At  the  meeting  of  the  Royal  Astronomical 
Society  on  January  9,  Mr.  A.  Fowler  made  the  following  statement  in  re- 
gard to  a  Lj'ra?.  "In  the  face  of  the  facts  brought  forward  by  Professor 
Vogel,  and  the  information  1  have  received  from  Professor  Pickering,  I  feel 
bound  to  acknowledge  that  a  L\'rae  cannot  be  a  double  star  as  I  suggested 
November  last.  The  facts  with  regard  to  mj'  photographs,  however,  re- 
main as  I  then  stated  them,  and  I  have  as  yet  no  explanation  to  give  of 
the  phenomena." 

Mr.  Isaac  Roberts'  photographs  seem  to  leave  no  room  for  doubt  that 
the  great  nebula  of  Andromeda  has  a  variable  stellar  nucleus;  this  variable 
can  be  studied  in  photographs  of  fifteen  minute's  exposure. 

The  Lick  telescope  has  photographed  the  moon,  Venus,  Mercury  and 
Vega  in  full  daj-light. 

"Greenwich  Spectroscopic  and  Photographic  Results"  for  1889  de- 
scribes the  position  micrometer  by  which  solar  photographs  are  measured' 
also  explaining  the  process  of  measuring.  As  to  the  number  of  such  photo- 
graphs available  for  1889  the  following  statement  is  made:  "Photo- 
graphs were  taken  at  Greenwich  on  178  days,  and  Indian  photographs  on 
166  da3'6  with  Mauritius  photographs  on  16  da^'s  have  been  received  from 
the  Solar  Ph\-sics  Committee  to  complete  the  total  of  360  da\'s  for  which 
there  are  either  Greenwich,  Indian  or  Mauritius  photographs  of  the  sun 
available  for  measurement  in  1889." 

The  Draper  Catalogue  of  stellar  photographic  spectra  contains  the 
spectra  of  10,351  stars.  The  total  number  of  spectra  measured  for  this 
catalogue  was  28,266.  The  lens  was  a  doublet  with  which  10°  square 
could  be  covered.  The  plates  used  were  the  Allen  and  KowcU,  and  the  Seed 
21.  In  general  each  spectrum  appeared  on  four  plates.  The  number  of 
spectra  on  a  single  plate  sometimes  exceeded  200. 

"The  dark  part  of  the  moon,  when  the  moon's  age  is  2.9  days,  can  be 
photographed  with  the  twelve-inch  equatorial  with  a  Seed  26  plate  in 
twenty  seconds,  the  complete  outline  of  the  dark  part  just  showing  with 
this  exposure.  With  fort3'  seconds  and  seventy  seconds  the  dark  part  was 
conspicuous  and  details  in  it  were  clearl\'  shown." — .Astronomical  Society 
of  the  Pacific. 


The  Philadelphia  Times  recently  pulilished  an  ingenious  star  puzzle  and 
offered  a  gold  prize  for  the  best  solution,  with  one  hundred  prizes  of  different 
kinds  to  the  various  grades  of  comjjetitors.  The  puzzle  seems  to  have 
greatly  interested  the  3'oung  i^eople. 

M.  Fleminf^  f)f  Harvard  College  Observatory  will  soon  ])rei)are  an 
article  f»»r  this  ])ulilication  on  the  mode  of  measuring  the  Harvard  College 
Observatory  photographs  Irom  which  so  many  important  new  facts  luive 
been  recently  diHcovcred. 


Phntofrrnphic  Mosnica  by  Edward  L,  Wilson,  ol  New  York,  is  a  neat 
ptihlicdlion  of  2KH  pngcA,  in  pnjjer  cover,  showing  the  annual  record  ot 
photographic  progrcHS  f<>r  tlic  year  1H90.  The  last  year  luis  l)een  s|)len- 
didly  "rcdcvcIoiKd." 
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How  to  keep  an  Observing-  Book.  Some  good  suggestions  on  how  to 
keep  a  tiote-book  are  found  in  an  article  on  practical  work  with  the  tele- 
scope in  the  "English  Mechanic"  for  Jan.  23,  1891.  They  are  as  follows: 
For  general  work  it  is  best  to  have  a  separate  book  for  each  class  of  ob- 
servation. For  the  Observatory  an  ordinary  account  book  is  perhaps  the 
most  convenient.  It  should  be  on  a  table  or  desk,  near  the  light  shielded 
from  the  eyes  but  falling  on  the  book.  For  delicate  work,  on  colored  stars, 
etc.,  a  paper  shade  of  light  green  or  blue  should  be  used  which  causes  the 
light  on  the  paper  to  be  more  purely  white.  The  observations  will  often 
have  to  be  written  down  quickly  and  in  bad  light.  As  soon  as  possible  the 
observations  should  be  entered  in  a  large  note-book.  One  should  be  kept 
for  each  subject,  (1)  for  the  sun,  (2)  for  the  planets,  (3)  for  the  moon,  (4) 
for  the  stars  and  nebulas  and  (5)  one  for  casual  observation.  The  note- 
book for  the  first  three  of  these  is  best  unruled  and  thus  drawings  may  be 
made.  On  such  pages  may  be  found  some  of  the  most  exquisitely  colored 
sketches  of  Mars  from  the  manuscript  observations  of  the  late  Rev.  T.  W. 
Webb.  No  photograph  can  ever  do  justice  to  the  beauty  of  the  originals. 
Each  of  these  sketches  was  numbered,  and  on  the  opposite  page  and  follow- 
ing pages  the  description  and  dates  are  given;  when  the  page  of  drawings 
is  filled  in,  another  is  left,  another  going  on  consecutively,  for  the  stars,  etc., 
a  ruled  book  is  best.  This  should  have  a  line  ruled  down  from  top  to 
bottom,  and  each  observation  should  be  numbered  in  red  ink,  so  that  it 
can  be  at  once  referred  to.  At  the  head  of  each  night's  work  the  date  and 
state  of  the  air  may  be  given. 


Report  of  the  Superintendent  of  the  U.  S.  Naval  Observatory.  In  his 
report  far  the  year  ending  June  30,  1890  we  notice  the  following  statement 
under  the  head  of  Chronometers  and  Time  Service:  "The  Observatory 
(meaning  the  U.  S.  N.  Observatory)  has  been  greatly  hampered  in  this 
branch  of  its  work  by  the  lack  of  funds.  In  view  of  the  great  importance 
of  the  ball  signals  to  mariners  and  others,  there  should  be  a  system  of  re- 
turn signals  by  which  the  errors  in  the  dropping  of  the  various  time  balls 
may  be  measured  and  given  to  the  public.  The  system  of  corrected  clocks 
might  be  advantageously'  extended  to  all  the  government  offices  using  ac- 
curate and  uniform  time  for  the  transaction  of  government  business.  An 
appropriation  is  greatly  needed  for  these  purposes." 

"The  fact  that  the  government  has  never  formally  adopted  a  standard 
of  time  for  the  transaction  of  business  has  led  to  vexatious  complications 
in  land  entries  in  territories  in  various  ways  and  channels  too  well  known 
to  particularize.  A  standard  of  time  is  quite  as  important  as  one  of  weight 
or  of  measure,  and  the  time  destributed  from  the  Observatory  ought  to  be 
legalized  by  an  act  of  Congress." 

We  would  like  to  add  to  this  recommendation  that  all  postmasters 
and  notaries  public  in  the  United  States  be  included  in  the  provisions  of 
such  an  act  that  the  general  government  may  aid  these  officers  in  their 
official  dutj'.  Return  signals  also  should  be  sent  to  the  U.  S.  Naval  Observ- 
atory daily  at  government  expense  so  that  the  personal  equations  of  these 
officers  might  be  given  to  the  public. 
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BOOK  NOTICES. 


The  S\'stem  of  the  Stars.  B3'  Agnes  M.  Gierke,  Author  of  a  Popular  His- 
tory' of  AstronoTUA'  during  the  Nineteenth  Centurj-.  London:  Messrs. 
Longmans,  Green  &  Co.,  publishers;  and  New  York,  15  East  Sixteenth 
street.     1890,  pp.  424. 

Two  books  have  been  recently  published  that  will  be  very  welcome  to 
astronomers  generallj^,  and  it  gives  us  pleasure  to  call  attention  to  both  of 
them  in  this  issue  of  our  publication.  This  volume,  entitled  "The  System 
of  the  Stars,"  is  a  book  of  inestimable  value.  It  is,  indeed,  as  much  a  sur- 
prise, in  point  of  success,  as  was  that  other  notable  book  which  appeared 
about  five  years  ago,  b3'  the  same  author,  titled  "  A  Popular  Historj'  of  As- 
tronomy during  the  Nineteenth  Century."  If  it  \vas  a  delicate  task  to 
^vrite  a  history'  of  the  nineteenth  century  fifteen  3'ears  prior  to  the  end  of  it, 
in  the  midst  of  the  marvelous  advancement  of  science  at  the  present  time, 
much  more  is  it  difiicult  now  to  delineate  the  system  of  the  stars,  with  its 
manifold  differing  lines  of  research,  no  one  of  which  is  yet  more  thah  fairly 
begun  in  S3'stematic  way.  The  undertaking  is,  indeed,  a  great  one,  so  great 
that  few  scholars  have  tried  to  do  more  than  to  trace  verj'  general  outlines 
for  a  s^'stem  of  the  stars.  The  more  the  student  turns  over  the  momentous 
thought,  the  more  the  attempt  seems  to  be  a  parallel  of  the  distinguished 
Newton's  thought  who  expressed  himself  as  well  emplo^-ed  in  picking  up 
pebbles  on  the  shore,  while  the  great  ocean  of  truth  unexplored  lay  before 
him.  It  is  none  the  less  a  noble  ambition  that  seeks  to  master  these  great 
questions  in  science,  whether  it  be  on  the  side  of  discover^',  or  in  the  art  of 
apt  and  truthful  expression  of  what  is  now  known  in  the  realms  of  the  side- 
real universe. 

The  purpose  of  the  author  in  this  book  has  been  to  present  such  facts 
about  the  starrj'  universe  as  are  known  to  astronomy,  in  such  a  plainly- 
worded  and  untechnical  way  that  the  popular  reader  may  easih'  under- 
stand the  whole  range  of  the  subject  and  think  about  it  definitely  and 
pleasurably  for  himself. 

The  first  chapter  opens  by  speaking  of  the  stars  generally',  as  they  ap- 
pear to  the  naked  eye,  their  designations,  sidereal  natural  history,  the  dis- 
coveries of  nebuhc,  and  the  desirabilitj'  of  continuous  observation.  This 
naturally  leads  to  a  consideration  of  the  methods  of  sidereal  research,  in 
which  star  catalogues  and  instruments  are  the  aids  which  the  working  as- 
tronomer must  bring  to  hand.  The  hcliometcr,  stellar  light  analysis,  and 
spectroscopic  determination  of  the  movement  of  celestial  bodies  are  made 
duly  i)romincnt,  while  stellar  and  nebular  i)h()tonictr\'  and  celestial  photo- 
graphy for  star  charting  'ind  parallax  arc  the  newer  methods  that  are 
growing  rapidly  in  favor.  The  object  of  all  methods  of  study  is  to  learn 
Romcthing  of  the  nature  or  characteristics  of  the  heavenly  bodies.  Begin- 
ning with  the  Sirian  and  sohir  stars  their  spectra  arc  studied  and  classified, 
and  their  physical  dislinctions  noted,  the  stars  with  banded  spectra  dis- 
cuHHcd,  and  the  meaning  of  flutings  explained  as  at  jjresent  understood. 
The  i»hyi»ical  nature  of  the  various  sjuTtral  classes  of  the  stars  is  a  tliemc 
of  great  intercHt,  and  large  place  is  deservedly  given  to  it.  In  chajiter  six 
■we  begin  the  theme  of  sidereal  evolution,  or  the  life  history  of  the  stars.  In 
thii  connection  the  xtatus  of  the  red  utarH,  the  sun,  stars  past  their  prime, 
and   the   indicated   line  of  evolution   are  considered;   olso  the  meteoric 
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hypothesis  and  pre-nebiilar  theories.  Then  follow  chapters  on  temporary 
stars,  variable  stars  of  long  period,  variable  stars  of  short  jieriod,  the  col- 
ors of  the  stars,  double  stars,  variable  dotdjle  stars,  stellar  orbits  and  mul- 
tiple stars.  The  chapter  on  the  Pleiades  is  alone  worth  the  price  of  the 
book  to  any  reader  who  has  interest  in  this  branch  of  astronom\'.  The 
frontispiece  to  the  volume  is  a  large  ])hotographic  chart  of  this  group  b\' 
MM.  Paul  and  Prosper  Henr3',  which  contains,  within  a  space  of  about  10 
by  8  inches,  2,326  stars  with  nebulie  intermixed.  Following  this  are  star- 
clusters,  the  forms  of  nebula?,  the  great  nebulae,  the  nature  and  changes  of 
nebulae,  the  distances  of  the  stars,  the  translation  of  the  solar  system,  the 
proper  motions  of  the  stars,  the  Milky  Wa\',  the  status  of  the  nel)ulae,  the 
construction  of  the  heavens,  and  tables  of  stellar  data  with  a  full  general 
index.  There  are  also  six  fine  full  page  plates  and  fifty  woodcuts  as  illus- 
trations for  the  text  which  serve  the  purpose  neath'  and  well.  American 
teachers  of  astronomy  will  find  this  book  a  very  useful  one  for  reference. 


Tycho  Brahe,  A  picture  of  Scientific  Life  and  Work  in  the  Sixteenth  Cen- 
tury. By  J.  L.  E.  Dreyer,  Ph.  D.,  F.  R.  A.  S.,  Director  of  the  Armagh 
Observatorj',  Edinburgh.  Messrs.  Adam  &  Charles  Black,  Publishers, 
1890,  pp,  405.    Price  $3.50. 

Not  a  small  number  of  bur  readers  already  know  something  of  Dr. 
Dreyer's  work  as  an  astronomer  and  a  writer  on  scientific  subjects,  and  the 
knowledge  that  he  has  written  a  book  setting  forth  the  fact  and  work  of 
the  life  of  the  noted  Tycho  Brahe  will  certainly  draw  favorable  attention 
to  it  as  a  work  of  merit.  The  monographs  and  popular  accounts  of  his  life, 
that  have  already  appeared  from  time  to  time  have  had  for  their  object  only 
to  set  forth  various  phases  of  the  career  of  the  great  Danish  astronomer, 
as  Hclfrecht  and  Brewster  have  done.  The  onh*  scientific  biography  hither- 
to published,  that  we  know  of,  is  that  by  Gassendi,  who  obtained  valu- 
-able  materials  for  his  work  from  Tycho  Brahe's  pupils,  from  the  Danish 
savant  Worm,  and  from  a  thorough  study  of  the  writings  of  the  subject  of 
his  memoir,  though  much  has  apjieared  later  that  g^ves  more  of  the  details 
of  his  life  that  seems  to  have  been  overlooked,  or  not  known,  to  Gassendi  at 
the  time  of  his  writing.  Dr.  Drej-er  has  had  ample  opportunity  to  consult 
original  sources  for  the  materials  of  his  account,  and  he  seems  to  have 
spared  no  pains  to  give  his  readers  a  faithful  rendering  of  Tycho's  noble 
life. 

The  author  first  speaks  of  the  revival  of  astronomy  in  Europe,  by 
noticing  the  revival  of  science  in  German^',  early  in  the  sixteenth  centur3', 
the  Greek  astronomj'  that  was  prevalent,  the  new  system  of  the  world 
proposed,  and  in  general,  the  state  of  astronomy  in  the  sixteenth  centur3'. 
He  next  considers  the  family,  childhood  and  education  of  j'oung  T\'cho 
Brahe,  and  gives  account  of  the  construction  of  the  large  quadrant  with 
which  his  early  observations  began.  The  new  star  of  1572  which  he  first 
noticed,  that  is  still  called  Tycho  Brahe's  star,  seemed  to  arouse  his  scien- 
tific energies,  and  set  him  at  work  with  xmwonted  zeal.  He  wrote  two 
books  at  different  times  in  his  life  giving  his  opinion  of  the  nature  and  sup- 
posed significance  of  this  star,  and  the  alleged  appearance  of  other  new 
«tars.  He  gave  some  attention  to  astrology  as  was  so  common  at  this 
time  and  lectured  somewhat  on  this  theme.  After  a  short  period  of  travel 
he  soon  settled  in  his  island  home  of  Hveen,  the  seat  of  his  Observatory  and 
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other  buildings  where  so  much  of  his  valuable  life  was  spent  in  assiduous 
devotion  to  the  study  of  his  chosen  science.  The  detailed  account  of  his 
work  and  the  description  of  his  Observator\'  and  instruments  with  suitable 
illustrations  are  given  fully  and  in  attractive  -way  in  this  book.  The  final 
chapter  treats  of  the  scientific  achievements  of  Tycho  Brahe  and  is  an  ex- 
cellent summary  of  the  victories  won  by  this  man  for  science  in  these  early 
times  which  will  make  his  name  and  fame  household  words  forever.  This 
book  is  the  most  important  one  for  astronomical  biography  that  has  been 
published  in  late  years. 

A  Treatise  on  Ordinary  and  Partial  Differential  Equations.  By  William 
Woolsej-  Johnson,  Professor  of  Mathematics  at  the  United  States  Naval 
Academv,  Annapolis,  Marvland.  Messrs.  John  Wilev  and  Sons,  Pub- 
lishers, 15  Astor  Place,  1889.  pp.  368. 

This  book  gives  a  treatment  of  the  subject  of  differential  equations 
complete  enough  for  their  general  use  in  practical  application,  so  far  as 
this  maj'  be  done  without  the  use  of  the  complex  variable.  Large  space  is 
given  to  geometrical  illustrations  in  the  use  of  rectangular  co-ordinates, 
because  the  author  thinks  that  the  conceptions  peculiar  to  the  subject  are 
more  readily  grasped  by  this  mode  of  representation.  Use  is  also  made  of 
singular  solutions  of  ordinary  differential  equations  and  the  concept  of 
the  peculiar  feature  in  the  partial  differential  equation.  These  points  are. 
important  ones  and  make  the  book,  in  its  general  plan,  a  very  desirable 
one  for  the  student  of  mathematics  who  has  only  pursued  a  course  of  ele- 
mentary study  in  calculus  before  undertaking  special  studies  concerning 
the  theory  and  use  of  differential  equations.  The  author  seems  to  have 
planned  wisely  in  this  regard,  and  he  has  written  a  book  that  will  certainly 
meet  a  general  want,  in  that  it  offers  a  plan  of  study  adapted  to  the  stage 
of  advancement  of  students  from  the  best  colleges  and  scientific  schools  in 
which  the  subject  of  mathematics  has  the  prominence  it  deserves. 

The  plan  of  this  work  comprises  twelve  chapters  in  which  the  following 
themes  are  discussed:  Nature  and  meaning  of  u  differential  equation  be- 
tween two  variables,  equations  of  the  first  order  and  degree,  equations  of 
the  first  order  and  not  of  the  first  degree,  equations  of  the  second  order, 
linear  equations  with  constant  co-efficients,  linear  equations  with  variable 
co-efficients,  solutions  in  series,  the  hypcrgconictric  scries,  si)ccial  forms  of 
differential  equations,  e(|uations  involving  more  than  two  variables,  par- 
tial differential  c(|uations  of  the  first  order,  and  j)artial  dificrential  equa- 
tions of  higher  order,  liach  of  these  chaj)tcrs  is  divided  into  themes  and 
discusHcd  separately,  and  generally  in  so  complete  a  way  as  to  bring  to 
mind  easy  and  satisfactory  conclusions.  Take,  for  example,  the  chapter 
treating  of  cciuations  of  the  first  order,  but  not  of  the  first  degree.  It  is 
presented  in  three  divisions,  the  first  part  considers  decomposable  equa- 
tions. e(|uationH  properly  of  the  second  degree,  systems  of  curves  corres- 
ponding to  c(|untiojiH  of  the  second  degree,  standard  form  of  an  ecpiation 
of  the  second  degree,  singular  solutions,  the  discrimiiuint,  cusp-loci,  tac- 
locl  and  node-loci,  followed  bv  two  pages  of  illustrative  examples. 

We  take  pleaHure  in  calling  the  attention  of  teachers  and  students  of 
mathemuticH  to  this  book,  as  one  in  which  they  will  be  interested,  if  they 
are  prepare<l  to  read  by  previous  thorough  study  of  the  elementary  matbe- 
maticM  leading  up  to  it. 
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AN    IRREPRESSIBLE   CONFLICT. 

LEWIS  BOSS.* 
For  The  Messenger. 

From  the  issue  of  the  first  volume  of  the  publications  of 
our  government  Observatory  in  Washington,  the  antago- 
nism between  **U.  S.  National  "and  "U.  S.  Naval"  may  be 
said  to  have  begun.  Secretary'  Bancroft  had  christened  it 
"  National  "  ;  but  in  the  Observatory  volume  for  1845,  which 
bore  on  its  printed  title- page  the  right  name,  "National," 
another  was  interpolated  upon  which  was  engraved  the 
word  "Naval."  In  the  next  few  years  the  term  "National" 
asserted  its  supremacy,  until  in  1854  the  Secretary  of  the 
Navy,  Hon.  J.  C.  Dobbin,  settled  matters  in  these  words: 
..."  My  opinion  is  that  it  should  be  styled  '  The  U.  S.  Nav- 
al Observatory  and  Hydrographical  Office.'  .  .  .  It  is  a  Navy 
affair,  and  its  reputation  is  the  property  of  the  Navy.  If  it 
assume  another  name  and  character,  the  next  step  will  be  to 
place  a  civilian  at  its  head."  The  italics  are  mine.  Secre- 
tary Dobbin  was  doubtless  thinking  of  the  memorable  ef- 
forts of  John  Quincy  Adams  to  establish  a  National  Observ- 
atory, of  his  efforts  to  secure  the  interest  of  the  Smithson 
fund  for  that  purpose,  and  of  the  clear-sighted  views  of  that 
great  statesman,  who  said:  "The  express  object  of  an  Ob- 
servatory is  the  increase  of  knowledge  by  new  discovery." 
(The  italics  are  not  mine  in  this  case.)  He  might  also  have 
suspected  or  even  have  known  that  what  little  reputation 
the  infant  institution  had  gained  during  the  first  seven 
or  eight  years  of  its  existence  had  been  the  merit  of  civilians 
like  Coffin,  Hubbard  and  Walker,  whose  lot  at  the  Observa- 
tory had  been  far  from  a  happy  one — a  fact  which  we  are 
permitted  to  suspect  had  not  altogether  escaped  the  knowl- 
edge of  Secretary  Dobbin. 

•Director  of  Dudley  Observatory,  Albany,  X.  V. 
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How  vital  to  the  reputation  of  the  new  Observatory  had 
been  the  services  of  a  few  of  the  leading  civilians  employed 
there  may  be  judged  from  the  almost  total  eclipse  of  that 
reputation  which  occurred  during  the  fifties,  when  only  a 
small  contingent  of  civilians  like  Yarnall  and  Ferguson  re- 
mained in  the  atmosphere  of  the  quarter-deck.  One  reads 
with  amazement  the  "details"  for  the  instruments  in  those 
earlier  years, — the  only  astronomers  of  the  institution  serv- 
ing at  the  foot  of  the  lists,  under  the  direction  of  lieutenants 
of  the  Navy.  Is  it  any  wonder  that  the  "  zones  "  which  were 
observed  in  those  \'ears  by  direct  order  of  Secretary  Bancroft 
(March  6,  1846)  are  without  a  rival  in  that  period,  either 
for  inadequacy  in  amount  of  observing,  inaccuracy  of  the 
observations,  or  good-for-nothingness  generally.  Yet  a 
line  officer  of  the  Navy,  a  trained  "  executive  officer,"  was  in 
charge  of  each  instrument.  And  what  .an  inspiration  to 
work  lay  in  that  order  of  Secretary  Bancroft.  Referring  to 
the  report  of  Lieut.  Maury,  your  observations  to  further 
the  interests  of  navigation  are  well  enough,  he  said,  but 
"The  country  expects  also  that  the  Observatory  will  make 
adequate  contributions  to  astronomical  science;  "  you  must 
take  up  the  observation  of  small  stars  where  Bessel  and 
Struve  left  off,  and  with  the  advantage  of  your  more  south- 
ern latitude,  carry  these  to  the  southernmost  practicable 
limit.  It  was  a  good  program  and  the  matter  was  particu- 
larly timely.  It  was  a  trumpet  call  calculated  to  inspire  the 
heart  of  any  astronomer  who  had  feared  that  our  govern- 
ment would  not  lend  its  open  sanction  to  the  work  of  origi- 
nal research.  Had  it  been  carried  out  with  skill  and  effective 
zeal,  what  a  monument  to  the  credit  of  American  astron- 
omy might  the  results  have  been,  instead  of  the  rei)roach 
which  they  actually  are.  Unfortunately  the  president  at 
that  time  concurred  with  Bancroft's  wish  and  sent  him 
abroad  six  months  after  the  issue  of  the  order  that  directed 
the  National  Observatory  to  work  on  the  zones.  Had  he 
remained  at  his  post  until  1849,  it  is  quite  possible  that 
Walker,  or  some  e(|ually  cni)able,  practical  astronomer, 
would  have  been  placed  in  charge  of  the  Observatory,  with 
results  vastly  different  from  those  which  have  been  experi- 
enced. 

It  18  true   that   some   rcsprcl.iliK-  work  w.is  doiic  at  the 
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National  Observatory  during  the  first  four  years  of  its  exist- 
ence (but  not  on  the  zones).  That  of  the  next  four  years  is 
practically  worthless,  except  some  of  the  work  with  the  9.6 
inch  equatorial.  Afterward,  until  1861  the  astronomical 
history  of  the  Washington  Observatory  is  almost  a  blank 
except  for  the  observations  made  by  two  or  three  civilian 
members  of  the  staff,  who  kept  the  lamp  of  science  burning 
under  a  bushel,  as  it  were,  during  the  whole  of  that  lamenta- 
ble period. 

It  is  true,  also,  that  Lieutenant  Maury,  in  his  capacity-  as 
chief  of  the  Hydrographic  Office,  made  those  remarkable  in- 
vestigations in  regard  to  the  winds  and  currents  of  the 
ocean  which  will  cause  his  name  to  be  forever  remembered 
among  nautical  men.  But  these  investigations  were  no  part 
of  the  work  of  an  astronomical  Observatory,  and  they  form 
no  part  of  its  actual  record.  They  prove  how  efliicient  a 
man  can  be  in  directing  scientific  work  for  which  he  has  ap- 
titude and  speciid  training  and  experience;  and,  by  contrast, 
how  ignominiously  the  same  man  may  fail,  even  with  the 
aid  of  able  assistants,  when  he  attempts  to  direct  scientific 
work  for  which  he  has  not  been  thoroughly  educated  and 
trained,  and  in  which  he  has  had  no  adequate  practical  ex- 
perience. 

How  much  better  a  practical  astronomer  can  direct  the 
labors  of  an  Oljservatory  was  well  illustrated  in  the  period, 
1861  to  1865,  when  Captain  Gillis  became  superintendent  of 
the  Naval  Observatory.  Perhaps  the  best  proof  of  his  wis- 
dom and  efficiency  was  exhibited  in  his  choice  of  new  assis- 
tants, and  in  the  rapid  recognition  of  their  special  talents. 
Whatever  confidence  he  may  have  had  in  the  astronomical 
efi'ectiveness  of  the  versatile  young  officers  of  the  Navy  was 
probably  destroyed  by  an  inspection  of  the  work  which  they 
had  done  for  him,  as  his  assistants  in  the  U.  S.  Naval  Expe- 
dition to  Santiago  de  Chile.  The  good  effects  of  his  admin- 
istration, reinforced  b}'  the  favorable  circumstances  of  the 
next  two  years,  under  the  superintendency  of  the  accom- 
plished Admiral  Davis,  lasted  for  years  after  that  time,  and 
this  constitutes  the  golden  age  of  the  Washington  Observa- 
tory. Captain  Gillis  may  not  have  been  entitled  to  rank 
among  the  ablest  astronomers  which  this  country  has  pro- 
duced, but  he  was  nevertheless  an  astronomer,  and  felt  an 
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earnest  ancl  intelligent  interest  in  the  scientific  reputation  of 
our  National  institution. 

It  is  not  strange  that  about  the  time  of  his  death,  the  old 
desire  for  a  National  Observatory  should  have  flickered  into 
life  again.  We  see  the  evidences  of  this  in  the  Act  of  Con- 
gress, approved  March  3,  1865,  by  which  the  "rider"  in  the 
appropriation  bill  of  1848,  providing  that  the  superinten- 
dent should  be  a  Naval  officer,  was  repealed ;  and  stanj^s  re- 
pealed up  to  the  present  time.  With  the  history  of  this  legis- 
lation, and  with  the  plans  and  efforts  by  astronomers  of 
that  time  to  bring  about  a  reform  in  the  system  of  manage- 
ment at  the  Naval  Observatory,  we  of  the  younger  genera- 
tion are  not  generally  initiated,  and  it  may  not  be  worth 
Avhile  to  inquire.  But  we  do  know  that  from  that  time  to 
the  present  there  has  not  been  an  hour  when  the  astron- 
omers of  the  country  have  felt  that  the  National  Observatory^ 
can  be  the  representative  of  American  astronomy  that  it 
ought  to  be,  and  that  the  public  have  the  right  to  expect  it 
to  be,  under  an}'  other  than  a  responsible  and  competent 
scientific  head. 

Twice  within  the  last  dozen  years  the  astronomers  of  the 
country  have  raised  protests  against  the  present  system  of 
management;  and  once  their  wishes  came  near  realization 
in  part,  failing  only  for  reasons  which  none  of  us  care  to  re- 
call to  mind.  In  neither  case  was  the  issue  direct,  or  the 
trial  on  merits  satisfactory. 

It  was  in  1865  that  the  rule  of  a  line  of  distinguished 
Nayal  officers  of  high  rank  was  inaugurated.  During  this 
period  of  nearh'  twenty  years,  no  very  serious  com])laint  on 
the  part  of  astronomers  was  heard  during  the  incumbency 
of  a  superintendent.  Men  of  great  personal  dignity  of  char- 
acter, of  national  reputation,  and  who  in  long  terms  of  pro- 
fessional service,  some  of  it  passed  in  the  great  struggle  for 
national  integrity,  had  deserved  well  of  their  country, — 
these  men  could  not  be  seriously  antagonized.  Silent  leges 
inter  armn.  It  was  in  the  interval  between  the  administra- 
tions of  Admirals  Rogers  and  Rowmu  that  the  first  well  or- 
ganized movement  to  place  an  astronomer  in  ch.irge  of  the 
Observatory  was  made.  But  in  1885,  astronomers  felt  no 
such  personal  check  as  h.'ul  been  implied  by  the  incumbency 
of  these  distinguished  Admirals,  whom  a  grateful  country 
delighted  to  honor. 
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The  system  had  been  a  bad  one  for  the  true  interest  of  as- 
tronomy in  spite  of  the  liberal  and  judicious  executive  man- 
agement of  those  distinguished  men.  The  Observatory  has 
always  been,  since  1865,  an  astronomical  mob,  sometimes 
successful  in  attaining  the  most  brilliant  results  by  individ- 
ual prowess;  but  always  lacking  in  co-ordination  of  work, 
and  wasteful  of  effort;  excelling  in  theoretical  rather  than  in 
practical  astronomy ;  sending  forth  beautiful  researches 
rather  than  refined  and  well  digested  results  of  observation  ; 
relying  for  excellence  and  its  rewards  upon  the  efforts  of  a 
few  men  working  practically  without  any  direction  what- 
ever, rather  than  upon  the  disciplined  and  well  directed 
efforts  of  an  entire  staff. 

It  is  true  that  much  of  the  observing  work  of  our  national 
institution  is  good,  and  much  of  it  is  excellent  and  even  un- 
surpassed. For  the  most  part,  the  subordinates  at  the  Ob- 
servatory are  as  earnest,  faithful  and  capable  as  are  the  men 
in  similar  relations  in  any  other  great  national  institution 
of  the  kind.  But  any  one  who  is  acquainted  with  the  inner 
workings  of  that  establishment  knows  the  peculiar  difficul- 
ties under  which  an  astronomer  must  labor.  Placidity  and 
longevity  are  the  stepping  stones  to  material  success,  which 
no  zeal,  no  eminence  of  acquirement  can  hasten,  and  no  lazi- 
ness nor  incompetence  delay.  It  is  idle  to  assert  that  astron- 
omers are  not,  like  all  the  rest  of  mankind,  to  some  extent 
influenced  by  the  hope  of  material  rewards.  There  is  prob- 
ably no  class  of  workers  more  indifferent  to  the  matter  of 
pecuniary  compensation  than  astronomers  are;  but  he 
would  be  a  rare  and  peculiar  man  indeed  who  would  not 
hold  and  justly  hold,  that  the  material  rewards  of  intellect- 
ual achievement  must  be  to  some  extent  proportioned  to 
the  quantity  and  quality  of  results  produced.  One  would 
scarcely  have  the  hardihood  to  deny,  that  in  the  hulnan  rela- 
tions which  astronomers, in  common  with  all  other  men,  are 
bound  to  form,  that  the  hope  of  pecuniary  reward  even  for 
the  highest  and  most  unselfish  intellectual  effort,  is  recog- 
nized as  an  incentive.  Yet  the  young  astronomer  entering 
the  corps  of  Professor  of  Mathematics,,  U.  S.  N.,  compara- 
tively undeveloped  and  untried,  sees  his  entire  material 
future  marked  out  for  him  in  undeviating  lines.  The  most 
ordinary  good  behavior,  the  most  perfunctory  attention  to 
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duty,  will  secure  this  future  for  him  quite  as  certainly  as  will 
the  genius  of  a  Newton,  or  the  colossal  labors  of  a  Her- 
schel.  To  be  sure  the  main  incentives  still  remain, — the  pride 
of  achievement,  and  that  which  is  the  most  powerful  of  all, 
the  love  of  scientific  investigation  in  and  for  itself;  but  these 
are  not  alone  what  governments  must  rely  upon  for  securing 
the  most  uniformly  effective  and  economical  service  from 
thdse  whom  it  employs. 

Probabl)'  the  management  of  our  Government  Observa- 
tory by  almost  any  competent  astronomer  would  be  more 
exacting  in  requirements  than  the  management  now  is.  It  is 
not  likely  that  any  astronomer  at  the  Naval  Observatory, 
in  recent  \'ears,  could  justly  complain  of  overwork  exacted 
from  him,  or  of  any  lack  of  considerate  courtesy  from  his  su- 
periors of  the  Naval  line.  But  for  the  sake  of  illustration, 
one  may  easily  imagine  that  the  feelirigs  of  an  astronomer  on 
the  Naval  Observatory'  staff  must  be  ver\'much  akin  to  those 
which  the  passengers  on  an  ocean  steamer  would  feel,  if  an 
astronomer  who  had  passed  all  his  life  upon  land  were  in- 
vested with  su])reme  command  on  the  bridge.  The  prop- 
osition needs  only  to  be  stated  to  an  astronomer  in  order 
that  its  full  force  shall  be  appreciated.  During  the  last  de- 
cade there  has  been  a  distinct  retrogradation  at  the  Naval 
Observtory  in  the  output  of  results  as  well  as  in  morale. 
There  is  probably  not  a  ])ractical  astronomer  in  the  land 
^vho  does  not  realize  this  fact.  During  the  last  year  or  two, 
there  have  been  increasing  indications  that  the  old, irrepress- 
ible conflict  is  about  to  break  out  again  with  renewed  force. 
The  epoch  of  pro])osed  removal  from  the  old  to  tlie  new  site 
is  rapidly  approaching.  Before,  or  soon  after  this  is  effected, 
arrangements  must  be  made  which  will  be  likely  to  fix  the 
character  of  the  National  Observatory  for  a  long  time  to 
come.  Whether  anything  will  be  Jiccomplished  to  make  this 
institution  an  object  of  pride  to  American  astronomers  and 
the  country  at  large  rests  with  astronomers  themselves. 
The  responsibility  cannot  be  evaded.  Now  while  astrono- 
mers universally  recognize  the  righteousness  of  this  cause, 
one  constantly  hears  the  timeserving  caution  :  "  The  Navy  is 
too  strong."  The  writer  himself  does  not  claim  exemption 
from  having  entertained  this  feeling.  But  it  should  be  re- 
nirnib<-i<*d   tlifit    in   nil   hi>^l<)i'\'   llic  ii<'ht  fnliicss  <>l   ;i   c'insc    is 
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the  strongest  element  for  ultimate  success.  Organization, 
numbers,  interest  at  court,  superior  finesse  in  inducing  oppo- 
nents to  adopt  arguments  and  propositions  destructive  of 
their  own  reasoning  and  in  promoting  divisions  in  the  ranks 
of  astronomers,  may  postpone  a  correct  decision  on  the 
merits  but  cannot  ultimately  prevent  it.  The  conflict  is  irre- 
pressible. 

Congress  is  a  fair-minded  tribunal  when  its  attention  can 
be  directed  to  a  subject  like  this.  That  has  been  emphatic- 
ally proved  by  its  action  in  reference  to  the  antagonism  be- 
tween civilian  and  army  surveys  for  geographical  and  geo- 
logical purposes.  The  Army  contended  for  its  supposed  pre- 
rogatives quite  as  sturdily  as  the  Navy  can  hope  to  do  in  the 
case  of  the  Naval  Observatory.  The  Aiyii\'  could  produce  a 
score  of  weighty  arguments  in  its  favor  in  the  former  case 
where  the  Navy  can  produce  one  in  the  latter.  And  yet  Con- 
gress made  short  work  of  the  matter  when  its  attention 
was  once  effectively  drawn  to  the  point. 

The  history  of  the  transfer  of  the  Weather  Service  to  the 
Agricultural  Department,  under  a  civilian  organization  is 
another  illustration  of  the  manner  in  which  Congress  deals 
with  this  class  of  questions  when  it  is  made  to  understand 
the  merits.  The  agitation  in  this  case  had  to  be  kept  up  for 
a  longer  time  than  was  necessary  in  the  matter  of  the  geo- 
logical and  geographical  surveys,  but  the  final  result  was 
the  same,  and  the  new  organization,  civilian  throughout, 
will  soon  go  into  operation.  Yet  with  its  large  personnel, 
and  with  the  complicated  business  details  of  the  Weather 
Service,  the  argument  for  military  discipline  and  for  the  ne- 
cessity and  propriety  of  making  mere  executive  capacity  the 
chief  function  of  its  responsible  head  was  ten  times  as  strong 
in  this  case  as  it  is  in  the  matter  of  the  Superintendency  of 
the  Naval  Observatory.  The  Army  had  created  the  Weather 
Service  and  developed  it  to  its  present  proportions  with  rel- 
atively far  less  assistance  from  professional  men  of  science, 
than  is  the  case  with  the  Naval  Observatory. 

There  is  no  other  country  in  the  world  of  great  import- 
ance w  hich  has  not  at  least  one  National  Observatory  under 
a  responsible  scientific  management,  and  the  director  is  usu- 
ally a  man  of  high  astronomical  attainments.  The  policy  of 
the  leading  powers  has  provided  for  several  such  institu- 
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tions  under  national  patronage,  every  one  of  them  in  charge 
of  a  professional  astronomer.  There  is,  furthermore,  no- 
where except  in  this  country  a  Naval  Observatory  which 
pretends  to  any  rank  as  an  astronomical  institution.  Ours 
is  the  only  country  in  the  world,  and  in  all  history,  in  which 
any  footing  has  been  secured  for  the  doctrine  that  a  National 
Observatory  can  be  more  advantageously  managed  by  men 
who  are  not  astronomers,  and  that  astronomers  are  by 
nature  incapable  of  exercising  such  a  trust.  This  charge  is 
an  imputation  on  every  American  astronomer  which  should 
be  resented,  for  it  applies,  if  at  all,  to  American  astronomers 
alone.  One  needs  only  to  glance  at  the  roll  of  successful 
directors  of  large  national  astronomical  institutions  in  other 
lands  to  see  what  a  grievous  insult  to  American  astronomy 
our  system  with  its  implication  is.  Not  to  mention  the  pres- 
ent distinguished  incumbents,  who  are  almost  invariably 
highly  competent  men  in  every  respect,  we  have,  among 
others,  in  the  list  of  directors  of  the  Royal  Observatory  at 
Greenwich,  Flamstead,  Bradley,  Maskelyne,  Pond  and  Airy; 
at  the  Cape,  Maclear  and  Stone;  at  Paris  in  recent  times, 
Arago,  Le  Verrier  and  Delaunay;  at  Berlin  such  men  as 
Encke;  at  Vienna,  Littrow;  at  Poulcova,  the  Struves. 
These  are  but  few  of  the  names  that  could  be  mentioned  to 
combat  the  ridiculous  proposition  that  astronomers  can- 
not successfully  manage  a  great  National  Observatory,  —  a 
proposition  which  is,  perhaps,  too  much  dignified  by  serious 
refutation. 

It  is  a  reflection  upon  the  astronomers  of  this  country,  so 
long  as  the  present  system  endures, — upon  the  country  for 
lack  of  intelligence,  or  upon  astronomers  for  incompetence, 
or  in  ecpial  measure  upon  both.  There  is  no  escape  from  this- 
conclusion. 

Dudley  Observatory,  Feb.  23.  1891. 


THE  PROPER  MOTION  OF  r  1321. 
8.  W.  BURNHAM.* 

I   Mi<     111!'.    .VlKMRNOKM. 

The  components  of  the  double  star,  -  1321,  constitute  a 
system  similar  to  61  Cygni,  but  one  even  more  interesting  in 
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some  respects,  and  particularly  so  far  as  the  proper  motion 
of  the  stars  is  concerned,  although  the  movement  in  space  is 
slower,  and  the  stars  much  more  distant  as  shown  by  the 
parallax  observations.  The  parallax  of  the  principal  star  of 
2'  1321  is  given  by  Kapteyn  as  0''.087  (A.N.  2935),  but  this 
may  be  considered  as  subject  to  a  relatively  large  correction, 
and  perhaps  only  indicates  that  the  star  probably  has  a 
small  parallax.  The  proper  motion  of  this  star  according 
to  Argelanderis  l'^69  in  thedirection  of  247°. 5.  For  a  long 
time  it  has  been  apparent  from  the  measures  of  A  and  B 
that  their  relative  motion  was  very  small,  the  change  in 
angle  since  the  measures  of  Struve  in  1832  being  onl}'  14° 
with  diminution  of  about  O'^.G  in  the  distance. 

The  original  of  the  accompanying  diagram  was  made  on 
a  scale  of  8"  to  the  inch,  and  then  reduced  in  the  camera  to 
the  size  here  shown.  A  list  of  carefully  selected  observations 
by  the  best  observers,  at  intervals  of  six  or  eight  years,  was 
made,  and  the  measured  angles  and  distances  of  B  platted 
accurately  to  scale  from  the  several  positions  of  A  along  the 
line  of  its  movement  as  determined  by  Argelander's  proper 
motion.  Thus  we  have  a  graphical  representation  of  the 
two  stars  precisely  as  they  were  at  the  respective  times. 

The  measures  used  are  the  following : 
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The  several  positions  of  B  fall  almost  exactly  in  line,  so 
that  there  is  no  uncertainty  as  to  the  direction  of  its 
motion.  This  star  is  moving  in  the  direction  of  244°. 5,  and, 
therefore,  makes  an  angle  of  exactly  3°  with  the  path  of  A. 
The  movement  of  B  during  this  interval  of  nearly  sixty 
years,  as  measured  on  this  drawing,  is  a  trifle  over  O'M  less 
than  the  assumed  motion  of  A ;  and  it  is,  therefore,  safe  to 
say  that  the  two  have  the  same  proper  motion,  since  the  ap- 
parent diflerence  is  far  below  the  ordinary  errors  of  observa- 
tion, and  the  chance  of  getting  a  less  difference  in  stars  of 
exactly  the  same  proper  motion  would  be  exceedingly  small. 
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The  Proper  Motion  of:::  1321 .  171 

Among  the  stars  which  are  apparently  onh^  optically 
double,  we  have  many  examples  where  the  known  proper 
motion  of  the  primary  is  also  that  of  the  companion,  so 
that  the  two  stars  have  remained  unchanged  with  relation 
to  each  other,  but  I  do  not  recall  any  other  instance  where 
these  motions  are  practically  the  same,  but  in  a  slightlj' 
different  direction.  Other  examples  will  doubtless  be  found 
when  pairs  with  apparently  the  same  movement  are  more 
fully  observed. 

I  have  previously  shown  with  deference  to  61  Cygni  (Sid. 
Mess.,  Jan.,  1891)  that  the  paths  of  the  tvvo  stars  make 
with  each  othej  an  angle  of  2°.0,  while  the  difference  in 
proper  motion  amounts  to  0".8  annually,  which  is  larger 
than  any  probable  difference  between  the  motions  of-  1321 
during  the  whole  period  of  observation. 

It  will  be  seen  from  the  diagram  that  the  paths  of  these 
two  stars  will  soon  cross  each  other,  but  evidently  there  will 
be  little  change  in  the  distance  during  the  next  centur\'. 
The  comparatively  rapid  change  in  the  relative  positions  of 
the  stars  of  Gl  Cygni  is  the  result,  not  of  their  greater 
proper  motion,  but  of  the  inequalit}'  of  the  two  motions. 


PHENOMENA  OBSERVED   UPON    SATURN  AT  THE   TIME  OF  THE 

PASSAGE  OF  THE  SUN    AND   OF  THE   EARTH  THROUGH 

THE  PLANE  OF  ITS  RINGS.  IN    1877-1878.* 

E.   L.  TROUVELOT.f 

IV.     The  Anterior  Part  of  the  Ring  Appears  Narrower  than 
its  Posterior  Part. 

"We  have  observed  another  phenomenon,  which,  if  it  is  not 
in  direct  relation  with  those  which  we  have  just  made 
known,  is  nevertheless  ver\'  interesting,  for  it  indicates  that 
there  are  still  obscure  points  for  us  regarding  the  rings  of 
Saturn.  In  fact,  Dec.  6,  1878,  we  were  able  to  prove  with 
clearest  evidence  that  the  anterior  part  of  the  ring  which 
passes  before  the  globe  (Fig.  7)  was  much  narrower  at  A, 
against  the  eastern  limb,  than  it  was  at  P  on  the  posterior 
part  which  received  the  shadow  of  the  globe.  At  A,  the 
ring  was  represented  by  a  narrow  luminous  thread,  perfectly 

*  Continued  from  page  125.     +  Observatory  at  Mention,  France. 
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defined,  which  had  scarcely  a  quarter  of  the  size  which  it 
seemed  to  have  at  P.  This  observation  made  under  the 
most  favorable  atmOvSpheric  conditions  was  immediately 
represented  by  the  drawing  of  which  Fig.  7  is  a  faithful  copy. 
December  7,  8,  and  11  the  same  phenomenon  was  again 
observed.  On  the  12th  it  was  still  visible,  but  the  thread  of 
light  representing  the  anterior  ring  was  already  much  less 
narrow  than  on  the  preceding  days.  On  the  14th  it  had  re- 
sumed its  normal  form  and  the  ring  appeared  perceptibly 
equal  in  size  on  the  two  opposite  parts.  It  is  perhaps 
worthy  of  remark  that  from  Dec.  6  to  13,  one  saw  no  trace 
of  the  nebulous  ring  C  on  the  globe,  and  that  the  opening 
of  the  eastern  end  was  completely  invisible,  while  one  could 


Fig.  7. 

easily  distinguish  that  of  the  western  end.  Nevertheless  the 
opening  of  the  eastern  end,  invisible  the  6th,  7th,  8th,  11th, 
12th  and  13th  of  December,  was  on  the  14th  as  easily  seen 
as  it  was  at  the  opposite  end. 

In  the  actual  state  of  our  knowledge  of  the  rings  of  Saturn 
it  is  very  difficult  to  explain  this  jjhenomenon.  Should  it  be 
attributed  to  a  partial  and  momentary  super-elevation  of 
the  protuberant  zone  of  which  we  have  spoken,  or  is  it  in- 
deed the  result  of  an  unknown  cause  winch  we  have  already 
had  occasion  to  su8{)ect  ?  The  observation  does  not  furnish 
us  any  data  for  rejjlying  to  these  questions. 

Dec.  0,  1878,  the  earth  was  at  — 1"  47'. 3  above  the  i)lane 
of  the  rings  (Fig.  1).    If  the  phenomenon  in  question  was  due 


Phenomena  Observed  Upon  Saturn.  173 


to  the  momentary  elevation  of  a  part  of  the  protuberant 
zone,  making  a  screen  to  the  more  distant  parts,  the  phe- 
nomenon must  be  quite  rare;  for,  from  May  1  to  Aug.  15, 
1877,  and  from  Nov.  10  to  Dec.  6,  1878,  our  globe  was  less 
elevated  above  the  surface  of  the  rings  than  at  this  last  date, 
and  yet  the  43  observations  made  during  these  two  periods 
revealed  noting  of  the  kind;  if  the  phenomenon  existed  it 
passed  unperceived. 

V.  Disappearance  of  the  Rings  of  Saturn. 

As  we  have  shown  above,  the  illuminated  part  of  the  ring, 
gradually  swallowed  up  by  the  shadow,  was  reduced  to 
such  line  proportions  Feb.  5,  1878,  the  evening  before  the 
passage  of  the  sun  through  the  plane  of  the  rings,  that  it 
was  very  difficult  to  recognize  it.  Feb.  6  the  planet  was 
observed  at  6  p.  M. 

Had  the  sun  already  passed  to  the  south  side  of  the  rings  ? 
I  do  not  know,  but  I  could  not  see  the  least  trace  of  the  lu- 
minous thread  observed  the  evening  before.  At  this  time  the 
conditions  of  observation  were  very  bad,  because  of  the 
proximity  of  the  sun  and  of  the  horizon.  Yet  one  could 
readily  recognize  the  ring  on  the  globe  where  it  appeared 
like  a  rather  dark,  grayish  band. 

February  7,  11,  16,  18,  19  and  27  one  could  distinguish 
with  more  or  less  ease,  two  short  and  pale  triangular  ap- 
pendices of  which  the  base  rested  on  diametrically  opposite 
points  of  the  limb,  almost  in  the  prolongation  of  the  dark 
band  which  represented  the  obscure  ring  crossing  the  planet. 
This  sort  of  handle,  whose  light  was  very  pale,  showed  a 
very  diffuse  border  which  it  was  almost  impossible  to  catch, 
and  which  one  might  attribute  to  the  light  reflected  across 
the  opening  of  the  rings.  On  three  different  occasions,  Feb- 
ruary 7,  16,  and  19,  I  thought  at  certain  moments  I  could 
catch  some  traces  of  a  feeble  thread  of  light  discontinued  at 
each  side  of  the  planet,  but  the  impression  was  so  fleeting 
that  I  cannot  affirm  whether  I  was  dealing  with  a  reality 
or  an  illusion. 

Saturn  was  again  observed  February  9,  13,  24  and  26, 
then  the  first  of  March,  but  under  such  poor  conditions  that 
I  could  not  obtain  any  results  in  which  one  could  place  con- 
fidence.   After  March  1st,  the  day  when  the  earth  passed 
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through  the  plane  of  the  rings,  it  became  impossible  to  ob- 
serve the  planet,  it  was  so  near  to  the  sun. 

YI.     The  Deformation  of  the  Limb  of  Saturn. 

Mj'  observations  show  also  the  deformations  of  the  limb 
of  Saturn  which  were  sometimes  very  apparent.  For  in- 
stance, on  the  8th  of  May,  1877,  the  edge  appeared  quite 
strongh'  flattened  on  its  southeastern  part,  which  fonned  a 
straight  line  instead  of  a  curve.  Jan.  30,  1878,  a  similar 
flattening  was  seen  on  the  south-southeast.  Dec.  19,  1880, 
the  limb  seemed  much  flattened  on  all  that  part  which  is 
contiguous  to  the  shadow  of  the  globe  on  the  rings.  Jan. 
25,  1878,  the  limb  was  much  flattened  in  the  polar  regions 
especially  the  southern  one. 

Aside  from  these  accidental  and  temporar\'  deformations 
of  the  limb,  the  globe  of  Saturn  seems  also  subjected  to 
changes  of  form  which  last  a  longer  or  shorter  time.  In  any 
case  this  globe  has  not  the  form  of  a  regular  ellipse,  but 
rather  that  of  a  flattened  spheroid.  Feb.  5,  1878,  when  the 
ring,  almost  invisible,  did  not  inconvenience  the  observa- 
tion at  all,  it  became  evident  that  the  globe  of  Saturn  is  a 
special  spehroid  of  which  Fig.  2  gives  an  idea.  It  is  the 
"square  shouldered"  form  of  English  observers,  which  is  a 
curve  with  fine  face.  The  real  form  of  Saturn  can  not  be 
discovered,  of  course,  except  toward  the  time  when  the 
earth  is  very  near  the  plane  of  the  rings,  for  the  higher  it 
goes  the  more  does  the  form  of  the  planet  approach  a  circu- 
lar figure. 

For  this  same  reason  it  is  toward  the  time  of  the  passage 
of  our  globe  through  the  })lanc  that  we  should  measure 
comparatively  the  polar  and  ccinritori.-il  diameters  to  obtain 
the  flattening. 

From  these  observations  the  conclusion  is  that  we  some- 
times see  on  the  limb  of  Saturn  deformations  which  at  times 
appear  considerable;  these  deformations,  which  are  always 
temporary,  may  be  real  or  apparent.  Any  cause  wliich 
would  darken  a  certain  extent  of  the  materials  wliich  com- 
pose the  edge  of  the  planet  would  produce  a  deformation  ap- 
])arent  and  not  real,  like  that  which  would  result  from  the 
temporary  displacement  of  the  matter  composing  the  limb. 
Although  we  see  nothing  which  can  be  opposed  to  one  of 
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these  explanations  more  than  to  the  other,  yet  we  are 
rather  inclined  in  favor  of  the  first,  which  seems  to  us  most 
probable,  in  which  the  deformation  is  apparent  and  not 
real.  In  fact,  we  have  sometimes  observed  deformations 
quite  remarkable,  Oct.  28,  Nov.  11,  16,  18,  19  and  Dec.  28, 
1880,  when  the  southern  polar  cap  presented  itself  to  our 
sight  under  the  characteristic  form  of  a  very  flat  cone,  and 
it  was  only  after  several  observations  of  the  same  phenom- 
enon that  we  were  able  to  convince  ourselves  that  this 
conical  form  was  only  apparent  and  due  to  the  darkening 
of  the  two  arcs  reaching  out  to  the  limb. 

VII.     The  disc  of  Saturn  has  not  a  Uniform  Luminous  In- 
tensity. 

The  opinion  already  expressed  that  the  globe  of  Saturn, 
unlike  that  of  Jupiter,  shines  with  greater  brilliancy  toward 
its  periphery  than  toward  its  more  central  parts,  has  not 
been  confirmed  by  our  observations.  In  fact,  while  these 
observations  do  not  once  mention  that  the  edge  of  Saturn  is 
more  luminous  than  the  other  parts  of  the  disc,  they  show, 
on  the  contrary,  that  on  Sept.  25,  Dec.  18,  28  and  29,  1877, 
as  well  as  Oct.  28,  Nov.  24,  and  26  and  Dec.  6,  14,  22  and 
28,  1878,  this  edge  like  that  of  Jupiter,  was  notably  less 
luminous  than  the  other  parts  of  the  globe. 

These  observations  show  also  that  on  Sept.  25,  1877, 
Oct.  28,  Nov.  24  and  Dec.  12,  22  and  28,  1878,  the  half  of 
the  limb  most  distant  from  the  sun  appeared  considerably 
darker  than  that  which  was  turned  toward  the  sun.  If  the 
last  phenomenon  did  not  indicate  the  beginning  of  a  phase, 
it  was  at  least  the  forerunner,  and  probably  was  nothing 
else  but  the  kind  of  penumbra  which  on  the  planets  always 
accompanies  their  phase.  The  observation  of  Sept.  25, 1877, 
was  made  only  17  days  after  the  opposition  of  Saturn, 
while  that  of  Oct.  28,  1878,  was  made  38  days  after  the  fol- 
lowing opposition  ;  also  the  darkening  of  the  penumbra  was 
much  less  pronounced,  especially  for  the  second  date,  than  it 
was  on  Nov.  24  and  Dec.  14,  22  and  28  when  the  planet 
was  much  nearer  quadrature,  where  the  phases  become  the 
most  accentuated. 
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Remarks   and  Suggestions  on  the  Observations  to 
be  made  on  Saturn  in  1891-1892. 

The  approaching  passage  of  the  earth  and  the  sun  through 
the  plane  of  the  rings  will  not  take  place  under  conditions 
the  most  favorable  for  the  delicate  operations  which  relate 
to  the  simultaneous  observation  of  the  protuberant  belts  be- 
longing to  the  north  and  south  surfaces  of  the  ring,  for 
Saturn  will  be  at  that  time  too  near  the  sun,  and  aside  from 
that  the  passages  of  the  two  bodies  are  too  distant  the  one 
from  the  other. 
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Apparent  path  of  the  sun  and  of  the  earth  with  reference  to  the  plane 
of  the  rings.  AA'  plane  of  the  rings;  SS'  position  of  sun;  TT 
position  of  earth. 

In  examining  the  diagram  (Fig.  8),  one  can  easily  see  that 
the  protuberant  belt  of  the  ring  B,  if,  as  we  have  supi)osed, 
it  is  true  that  this  belt  exists,  cannot  show  simultaneously 
its  opposite  sides  in  1891  because  of  the  opaque  screen 
formed  by  the  ring  A,  which  will  prevent  the  solar  rays  from 
lighting  one  of  them  and  consequently  it  will  remain  invisi- 
ble. In  fact,  when,  toward  the  middle  of  September,  the  ele- 
vation  of  the  earth  will  not  be  more  than  —  0 '  20',  the  op- 
posite  surface  as  well  as  its  protuberant  zone  will  both  be 
Htltl  in  darkness,  the  height  of  the  sun  at  that  date  being 
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still  —  0''  42'.  Sept.  22,  when  our  globe  will  cross  the  plane 
of  the  rings,  the  sun  will  be  0°  35'  south  of  the  ring,  a  height 
more  than  sufficient  for  the  ring  A  to  intercept  the  sun's 
rays  and  prevent  the  zone  from  receiving  them.  It  will  be 
just  about  the  same  after  the  passage  of  the  earth  to  the 
north  of  the  plane  of  the  ring. 

When  the  sun  will  have  lowered  on  the  southern  surface 
enough  to  lighten  the  northern  protuberant  belt,  the  earth 
will  be  too  much  elevated  above  the  northern  surface  to 
allow  anyone  to  see  the  southern  belt  hidden  by  the  screen 

A. 

On  the  other  hand,  when  the  sun  in  its  turn  passes 
through  the  plane  of  the  rings,  Oct.  30,  the  earth  will  be 
much  too  high,  about  2°,  for  the  protuberant  part  B  to  be 
visible.  There  is  then  little  probability  that  this  interesting 
phenomenon  can  be  proved  in  1891  unless  the  shadow  of 
the  ring,  enlarged  by  the  protuberant  zone  will  permit  us  to 
arrive  at  the  same  result  when  the  sun  has  become  very  ob- 
lique. 

But  it  will  not  be  the  same  for  the  other  phenomena, 
which  we  have  explained  in  sections  one,  two  and  three 
which  can  be  examined  at  leisure  before  and  after  the  cross- 
ing of  the  two  bodies  through  the  plane  of  the  rings,  al- 
though the  proximity  of  the  sun  may  inconvenience  the  ob- 
servations somewhat,  especially'  at  the  time  when  they  offer 
the  greatest  interest,  i.  e.,  at  the  moment  when  the  illumin- 
ated surface  will  become  very  small. 

The  phenomenon  of  the  swallowing  up  of  the  illuminated 
part  of  the  ring  by  a  shadow  can  be  observed  from  the 
middle  of  July  to  the  beginning  of  September;  for  after  the 
,10th,  the  elevation  of  the  earth  above  the  southern  surface 
of  the  ring  becoming  inferior  to  that  of  the  sun,  the  shadow 
will  become  invisible  to  the  observer  until  Oct.  30,  the  day 
of  the  passage  of  the  sun  through  the  plane  of  the  rings. 
After  this  last  date  one  can  observe  at  leisure  the  retreat  of 
the  shadow  on  the  ring  and  the  gradual  enlargement  of  the 
lighted  surface  until  toward  the  middle  of  February  1892. 
As  to  the  decrease  and  increase  of  brightness  of  the  opposite 
surfaces  of  the  ring,  the  southern  surface  can  be  observed 
from  Jan.  13  to  Sept.  22,  1891 ;  and  the  northern  from  Nov. 
1  of  the  same  year  to  Aug.  21,  1892.    In  the  months  of 
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April,  May  and  June  1892,  the  earth  and  the  sun  will  be  sit- 
uated, with  regard  to  the  northern  surface  of  the  ring,  very 
nearly  as  they  were  for  the  southern  surface  in  1878  (Fig.  1) 
that  is  to  say,  at  this  time  our  globe  approaches  very  near 
the  plane  of  the  ring,  while  the  sun  is  at  quite  a  distance 
from  it.  One  could  at  this  time  ascertain  whether  phenom- 
ena of  the  same  kind  as  those  which  were  observed  Dec.  6,  7, 
8,  11,  and  12,  1878,  are  visible.  The  conditions  will  be  the 
most  favorable  possible  for  this  kind  of  observations,  in  the 
first  place  because  Saturn  will  be  near  quadrature,  the  time 
when  the  shadow  of  the  globe  on  the  ring  and  that  of  the 
ring  on  the  globe  reach  their  maximum  of  development,  and 
also  because,  in  1892,  our  globe  will  approach  much  nearer 
the  ring  than  in  1878.    In  fact,  while  on  the  6th  of  December 
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the  earth  was  situated  at  — 1°  47'. 3,  on  the  20th  of  May, 
1892,  it  will  be  at  +  0°  22'.2;  only,  on  May  20,  the  time 
when  our  globe  will  be  the  nearest  to  the  surface  of  the  ring, 
the  shadow  cast  by  the  latter  ui)f)n  the  globe  will  be  per- 
haps a  little  too  much  separated  from  the  exterior  edge  of 
the  ring  A;  which  condition  would  be  less  favorable  for 
judging  of  the  size  of  the  anterior  ])art  of  this  ring.  In  any 
case,  the  observations  made  in  the  month  of  May  1892  can 
not  fail  to  be  extremely  interesting,  for  the  eye  of  the  ob- 
server Hkimming  over  the  surface  of  the  rings,  lighted  then  by 
a  sun  elevated  nearly  3",  cannot  fail  to  notice  very  interest- 
ing things  about  the  structure  of  the  rings  as  well  as  con- 


Phenomena  Observed  upon  Saturn.  179 


cerning  the  cause  of  the  encroaching  shadow  which  we  ob- 
served in  1877-1878. 

Fig.  9  is  a  projection  of  the  rings  and  represents  them  as 
they  ought  to  appear  Ma3^  20,  1892  if  their  surface  were 
flat. 

In  order  to  observe  with  profit,  toward  the  time  of  the 
passages  of  the  sun  and  the  earth  through  the  plane  of  the 
rings,  we  advise  observers  to  prepare  in  advance  projections 
of  the  rings  of  Saturn  according  to  the  apparent  elements  of 
the  rings  given  in  the  Nautical  Almanac  for  the  date  of  each 
contemplated  observation ;  in  this  way  it  will  be  easy  to 
know  whether  the  observation  agrees  with  the  projection. 
Since  certain  phenomena  can  be  seen  in  broad  daylight, 
Saturn  can  be  observed  at  the  most  favorable  moment  of 
the  day  when  there  is  any  advantage  in  doing  it. 


THE  ORIGIN  OF  THE  STELLAR  SYSTEMS. 

T.J.J.  SEE.* 
For  thk  Mkssengkr. 

In  the  February  number  of  The  Messenger  I  have 
pointed  out  what  I  am  convinced  is  the  physical  meaning  of 
the  high  excentricities  of  the  stellar  orbits.  The  mathemat- 
ical investigation  therein  referred  to  seems  to  show  that 
tidal  friction  is  an  amply  sufficient  cause  to  account  for  the 
great  excentricities,  but  to  complete  the  syllogism  we  ought 
to  show  that  no  other  possible  cause  can  be  assigned  as  the 
source  of  the  observed  phenomena.  The  array  of  multitu- 
dinous resources  revealed  in  the  Cosmos  is  such  that  in 
general  it  is  difficult  to  set  rigorous  bounds  to  the  possibili- 
ties of  nature.  Fortunately,  however,  in  this  particular 
case  the  circumstances  surrounding  the  question  at  issue  are 
such  as  to  justify  the  belief  that  in  general  no  other  cause 
than  tidal  friction  can  be  assigned  to  account  for  the  excen- 
tricities observed  in  the  binary  orbits.  Some  astronomers 
may  conceive  that  the  excentricities  indicate  the  fortuitous 
origin  of  these  systems  from  separate  stars.  A  little  reflec- 
tion, however,  will  make  it  clear  that  such  an  hj'pothesis  is 
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untenable.  For  such  a  chance  orbit  would  be  in  general 
hyperbolic ;  and  it  is  easy  to  show  that  should  the  orbit  in 
some  cases  even  be  elliptic,  its  absolute  dimensions  would 
very  far  exceed  those  of  binary  orbits  hitherto  computed. 
Professor  Lockyer  in  his  "  Meteoritic  Hypothesis"  has  sug- 
gested that  double  stars  originate  through  the  approach 
of  separate  swarms  of  meteorites.  But  this  suggestion,  ta 
my  mind,  is  even  more  unsatisfactory  than  the  foregoing, 
since  it  not  only  encounters  the  same  difficulties,  but  must 
in  addition  explain  how  the  smaller  swarm  would  escape 
disintegration  under  the  action  of  the  chief  swarm.  For  the 
smaller  swarm  would  enter  on  an  orbit  highly  elliptic  or 
hyperbolic.  In  case  the  orbit  is  elliptic  the  disintegrating 
action  of  the  larger  swarm,  in  a  comparatively  short  time, 
•will  scatter  the  meteorites  of  the  smaller  swarm  along  the 
whole  length  of  its  orbit — reduce  it  [as  the  sun  reduces  a 
comet]  to  a  train  of  meteoric  dust.  Moreover,  the  ob- 
served exccntricities  of  the  stellar  orbits  are  in  general 
hardly  sufficiently  high  to  support  this  hypothesis. 

Again,  it  has  been  suggested  that  an  explosion  in  the  proc- 
ess of  separation  has  rendered  the  orbit  of  the  detached 
body  so  highly  excentric.  This  suggestion  of  explosions  is 
purely  an  hypothesis,  and  we  are  not  able  to  affirm  that 
such  phenomena  really  take  place,  except  probably  in  our 
sun.  But  granting  that  they  really  take  place  in  nebulae, 
it  seems  very  difficult  to  see  how  such  explosive  action  could 
divide  a  nebula  into  two  nearly  equal  masses.  It  seems 
more  probable  that  the  meteorites  of  a  nebula  under  such 
conditions  would  merely  be  scattered  in  every  direction,  and 
that  the  parts  would  almost  immediately  fall  back  together. 
But  even  should  the  detached  parts  not  immediately  reunite 
to  the  largest  remaining  body  they  would  revolve  around  it 
as  meteoric  swarms  in  excentric  orbits,  and  it  is  impossible 
to  conceive  how,  under  the  disintegrating  notion  of  the  chief 
mass,  they  could  ever  be  gathered  into  individual  small 
hodics,  much  less  could  they  be  agglomerated  into  a  second 
large  mass. 

All  the  foregoing  hypotheses  seem,  therefore,  to  encounter 
fatal  objections.  I  will  now  venture  an  hypothesis  which 
demands  nothing  extraordinary,  and  rests,  moreover,  on  a 
dynamical  basis. 
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A  homogeneous  fluid  sphere  devoid  of  rotation  is  always 
in  equilibrium,  however  its  particles  may  be  arranged  with 
respect  to  one  another.  If  this  sphere  be  endowed  with  a 
slow  rotation  about  any  axis,  it  becomes  a  spheroid ;  here 
again  we  may  suppose  the  particles  exchanged  with  one 
another  without  any  disturbance  of  the  equilibrium.  We 
may  regard  this  homogeneous  spheroid  as  made  up  of  infi- 
nitely thin  layers,  all  having  the  same  ellipticity.  If  the  ro- 
tation of  the  spheroid  is  quickened  its  ellipticity  increases, 
and  the  ellipticities  of  all  the  strata  increase  equally  rapid. 
The  particles  of  a  heterogeneous  fluid  sphere  devoid  of  rota- 
tion are  in  equilibrium  when  and  only  when  they  are  so  ar- 
ranged that  the  density  decreases  from  the  center  to  the  sur- 
face. Such  a  sphere  is  composed  of  successive  infinitely  thin 
layers  of  a  uniform  density,  but  the  layers  decrease  in  den- 
sity from  the  center  to  the  surface. 

If  now  the  sphere  be  endowed  with  a  slow  rotation,  it 
passes  into  a  spheroid,  and  all  its  layers  become  spheroidal. 
But  in  this  case  of  heterogeneity  the  layers  do  not,  as  in  the 
case  of  homogeneity,  retain  the  same  ellipticit}'  in  passing 
from  the  center  to  the  surface.  The  ellipticities  increase,  as 
is  mathematically  established  by  Laplace  in  the  second 
volume  of  the  Mecanique  Celeste.  Thus  the  ellipticities  of 
the  layers  of  a  heterogeneous  fluid  spheroid  in  equilibrium 
follow  a  law  the  reverse  of  the  densities.  Sir  John  Herschel 
has  observed  that  certain  nebulae  actualW  appear  to  confirm 
this  law.  Since  the  ellipticities  were  zero  when  the  body 
w^as  devoid  of  rotation,  it  is  clear  that  acceleration  of  axial 
velocity  will  cause  them  all  to  increase  until  a  certain  limit 
is  reached.  But  all  the  ellipticities  will  not  increase  equally 
rapid ;  the  ellipticities  of  the  outer,  less  dense,  layers  will 
gain  ever  more  and  more  rapidly  upon  the  denser  and  less 
elliptic  layers  at  the  center.  The  divergence  in  the  elliptici- 
ties thus  increases  as  the  rotation  proceeds.  With  a  given 
velocity  of  rotation  the  divergence  increases  with  increase 
of  heterogeneity.  This  being  established,  let  us  now  con- 
sider some  other  figures  of  equilibrium.  Throughout  this 
discussion  we  are  supposing  the  law  of  attraction  to  be 
Newtonian  gravitation.  In  the  figures  of  equilibrium 
hitherto  determined,  owing  to  mathematical  difiiculties  at 
present  insurmountable,  nearly  all  investigators  have  pre- 
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supposed  the  fluid  to  be  homogeneous.  Among  the  figures 
established  ou  this  hypothesis  is  the  Jacobian  ellipsoid  of 
three  unequal  axes ;  and  the  spheroid  may  be  regarded  as 
a  particular  case  where  two  of  the  axes  of  the  ellipsoid  are 
equal.  This  Jacobian  ellipsoid  set  rotating  in  equilibrium 
about  its  shortest  axis  is  rigorously  stable. 

M.  Poincare  has  discussed  the  dynamics  of  the  Jacobian 
ellipsoid  with  particular  care  \^Acta  Math.  Vol.  VII].  He 
finds  that  as  the  rotational  velocity  of  the  ellipsoid  increases 
the  ellipsoid  gradualK'  flattens  out,  and  finally  passes  into 
the  accompanying  very  remarkable  figure. 


Fig.    ].    SiiCTioN    of    M.     Poi.NCARifi's    FiGTRE    OF    Eqi'immkum.    Thk 
Shaded  Pohtion  Falls  Within  the  Ellipsoid. 

Fig.  1  represents  a  section  of  M.  Poincard's  figure  through 
the  shortest  and  longest  axes  (corresponding  respectively  to 
similar  axes  in  the  ellipsoid).  This  furrowing- of  the  Jacob- 
ian ellipsoid  parallel  to  its  smallest  section  indicates,  as  M. 
Poincard  points  out,  a  tendence  of  the  body  to  split  up  into 
two  comparnblc  masses.  At  the  stage  represented  in  Fig.  1 
the  equilibrium  is  rigorously  stable.  M.  Poincc'irc  expresses 
disappointment  in  the  conclusion  of  his  excellent  memoir 
that  his  investigation  did  not  throw  much  light  upon  La- 
place's Nebular  Hypothesis.  Professor  Dnrwiii  undertook  a 
somewhat  similar  investigation  independently,  and  com- 
])letcd  it  after  the  publication  of  M.  Poincarc's  i)aper.  He 
sought  to  detennine  the  figure  which  two  homogeneous 
spherical  fluid  masses  would  assume  under  their  mutual  at- 
traction when  set  in  synchronistic  oil)ital  motion  about 
their  common  center  of  gravity  so  close  together  that  their 
Hurfflccs  nearly  touched.  His  result  is  given  in  Fig.  2— equal 
mnflscs. 
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In  Fig,  2  the  whole  sections  are  given — one  through  the 
axis  of  rotation,  the  other  perpendicular  to  it.  For  details 
and  an  admirable  discussion  of  this  remarkable  dumb-bell 
figure  of  equilibrium,  see  Phil.  Trans.  1887. 


Fio.  2  {a).  Section  of  Mk.  Darwin's  Dumbbell  Figure  oe  Equilib- 
rium Pehi'kn»iculak  to  Axis  of  Rotation.  Dotted  Section  Jacob- 
lAN  Hllii'soii)  of  Same  Mass  and  Moment  of  Momentum.    Scale 

(jm:  TiiiKi)  OK  thk  Okioinai.. 


Fig.  2  U))-    Section  Tiikoucii  .\xis  of  Rotation. 

At  the  conclusion  of  his  work  Mr.  Darwin,  like  M.  Poin- 
care,  remarks  that  but  little  help  is  gained  towards  under- 
standing Laplace's  Hypothesis.  He  adds  that  both  his 
results  and  those  of  AI.  Poincare's  seem  to  show  that  the 
mass  separated  should  bear  a  very  much  larger  ratio  to  the 
parent  mass  than  is  observed  in  the  planets  and  satellites  of 
the  solar  system.  He  states  that  the  mass  separated  can 
not  bear  a  less  ratio  [in  case  of  homogeneity]  than  about 
one-thirtieth.  He  agrees  with  M.  Poincnre  that  when  the 
equilibrium  of  the  Jacobian  ellipsoid  breaks  down,  the  body 
splits  up  into  two  comparable  masses. 

Now  let  us  examine  the  significance  of  these  mathematical 
results  in  our  study  of  the  origin  of  the  binar}'  stars.  Be- 
fore we  proceed  further  let  the  reader  compare  the  above 
figures  with  Sir  John  Herschel's  drawings  of  double  nebular, 
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published  in  Phil.  Trans,  for  1833.  Compare  M.  Poincar^'s 
figure  with  the  figures  numbered  b3^  Sir  John  Herschel  re- 
spectively 68,  69,  70,  71,  72,  73,  74  [representing  the 
nebulfe  numbered:  1252,  1202,  604,  1146,  444,  2197, 
1408];  and  I  think  it  will  be  impossible  to  escape  the  conclu- 
sion that  the  foregoing  mathematical  results  are  exemplified 
in  the  heavens.  Nebulas  absolutely  homogeneous  of  course 
do  not  exist;  yet  there  are  abundant  reasons  for  thinking 
that  in  many  cases  the  departure  from  homogeneity  is  not 
verj^  marked.  If  the  nebula  is  not  heterogenous  to  a  con- 
siderable degree  we  may  take  the  figures  of  M.  Poincare  and 
Professor  Darwin  to  represent  substantially  what  would 
occur  as  gravitational  contraction  proceeds.  And  we  may 
consider  the  figure  of  a  nebulae  undergoing  development 
momentarih%  but  not  secularh^  stable,  owing  to  the  con- 
tinual dissipation  of  its  energy  and  the  contraction  conse- 
quent therefrom.  Hence  we  see  that  if  the  nebula  be  homo- 
geneous the  mass-ratio  which  will  obtain  between  its  parts 
when  it  splits  up  will  be  a  very  large  fraction,  perhaps  one- 
half,  one-third,  or  one-fourth,  or  smaller,  and  possibly  under 
certain  conditions  unity.  The  above  mathematical  investi- 
gations seem  to  show  that  in  general  the  masses  would  not 
be  exactl}'  equal,  but  always  comparable—/,  e.  always  of  the 
same  order.  If  the  heterogeneity  be  not  very  considerable, 
when  the  parent  nebula  splits  up,  this  same  relative  mass- 
ratio  will  be  nearly  maintained.  There  is  reason  to  believe 
that  many  of  the  nebulae  are  not  very  heterogeneous,  and 
we  ought  therefore  to  expect  a  separation  into  comparable 
masses.  This  theoretic  inference  accords  with  the  great 
number  of  double  nebulae  and  double  stars  actually  observed 
in  the  heavens.  The  greater  the  heterogeneity  the  greater 
the  divergence  in  mass-ratio  from  that  obtaining  in  case  of 
homogeneit}'.  This  clearly  follows  from  what  we  have  said 
elsewhere  concerning  the  concentration  of  density  about  the 
center  of  the  parent  nebula,  and  the  increase  in  the  ellii)tici- 
ties  of  the  strata  as  we  pass  to  the  surface.  For  the  part 
thrown  off  will  be  taken  chiefly  from  the  pcrii)hcral  regions 
of  the  parent  mass;  and  even  should  the  volume  detached 
retain  the  same  ratio  to  the  parent  volume  as  in  the  case  of 
homogeneity,  still  the  mass  would  bear  a  much  smaller 
ratio  to  the  parent  mass,  owing  to  the  inferior  density   of 
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the  part  detached.  But  in  fact  it  is  easy  to  see  that  both 
the  mass  and  the  volume  split  off  will  be  less  in  case  of 
heterogeneity.  If  the  nebula  be  very  heterogeneous  the  part 
detached  ought  to  bear  a  very  small  mass-ratio  to  the 
central  body.  With  respect  to  the  planetar}'  system  this 
conclusion  would  seem  to  indicate  that  when  the  planets 
were  formed  our  original  nebula  was  very  heterogeneous. 
Under  this  hypothesis  our  remarkable  system  is  seen  to  be  a 
particular  case — an  exception  to  the  general  process  of  cos- 
mic evolution  by  which  neljulae  develop  first  into  double 
nebulae,  and  then  into  systems  of  binary  stars.  Thus  far  the 
mass-ratio  of  the  components  of  stellar  systems  has  been 
determined  satisfactorily  from  measurements  in  but  few 
cases.  But  if  we  take  the  binary  stars  as  a  class  we  shall 
not  err  gre<itly  in  supposing  the  mass-ratio  to  correspond 
with  the  amount  of  light  we  receive,  and  this  can  be  deter- 
mined from  the  magnitudes  of  the  stars. 

In  ])articular  cases  this  method  of  inferring  the  relative 
masses  of  stars  of  a  system  from  their  magnitudes  would 
doubtless  fail.  And  in  general  the  value  thus  deduced  would 
probably  be  a  little  too  small;  still,  it  would  at  least  give 
a  rough  approximation  to  the  truth.  It  now  remains  to 
examine  the  orbit  which  the  detached  mass  would  pursue 
when  first  split  off.  From  the  very  nature  of  nebular  con- 
traction we  may  with  safety  assume  that  acceleration  in 
angular  velocity  proceeds  slowly  and  steadily — there  are  no 
sudden  jerks  or  stops.  This  being  the  case  it  is  certain  that 
separation  takes  place  very  slowly;  and  we  mav  unhesitat- 
ingly affirm  that  in  general  many  revolutions  are  performed 
w^hile  the  splitting  process  is  in  progress.  Sudden  accelera- 
tion in  angular  velocity  being  impossible,  we  see  that  the 
orbit  the  detached  mass  begins  to  pursue  must  be  nearly  cir- 
cular. Were  the  orbit  highly  excentric  the  action  of  the 
larger  bod}-  would  soon  reduce  the  smaller  mass  to  a  train 
of  meteoric  dust ;  and  when  once  strewn  out  into  a  girdle  it 
could  never  condense  into  a  star.  But  the  mass  split  off 
being  set  revolving  in  an  orbit  nearly  circular,  the  action  of 
the  larger  body  could  not  spread  the  smaller  swarm  out 
into  a  meteoric  ring;  and,  condensation  forthwith  proceed- 
ing, it  would  escape  disintegration  when  the  orbit  even- 
tually became  expanded  and  highly  excentric  from  the  secu- 
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lar  effects  of  tidal  friction.  When  just  separated  [as  is  ap- 
parently the  case  in  Herschel's  figure  68]  the  masses  doubt- 
less rotate  and  revolve  in  s\'nchronism.  But  the  dissipation 
of  the  energy  of  either  mass  soon  permits  gravitational  con- 
traction, and  this  causes  the  axial  angular  velocity  to  sur- 
pass the  orbital  angular  velocity,  and  then  tidal  friction 
begins  to  operate.  Under  these  conditions  tidal  friction  in- 
creases both  the  major  axis  and  the  excentricity  of  the  orbit. 
And  in  general  these  elements  will  continue  to  increase  until 
the  rotations  of  both  stars  are  reduced  to  synchronism  with 
the  orbital  revolution.  When  this  state  is  reached,  we  have 
the  maximum  of  excentricity  ;  afterwards  the  excentricit3MS 
again  very  slowly  reduced  to  zero  by  the  secular  action  of 
libration.  Such  a  rigid  state  would  probabW  not  be  reached 
until  both  bodies  have  become  entireh'  dark,  since  the  angu- 
lar velocity'  will  continue  to  accelerate  as  long  as  contrac- 
tion takes  place.  When  finally  this  state  is  reached,  how- 
ever, the  stars  will  show  always  the  same  faces  to  each 
other,  and  the  S3'stem  will  continue  to  revolve  as  though 
rigidly  connected  forever,  unless  acted  upon  by  external 
forces,  or  ethereal  or  meteoric  resistance.  These  suggestions 
of  secular  dynamic  instability  have  a  particular  interest  also 
when  a]jplied  to  systems  of  the  Algol  type,  where  the  bodies 
are  not  onh'  both  very  large,  but  also  ver\'  close  together, 
and  therefore  the  tides  in  all  ])robability  enormous.  F'rom 
what  we  have  said  it  will  appear  that  astronomers  have 
hitherto  greatly  underestimated  the  importance  of  tidal 
friction  as  a  formative  agency  in  the  history  of  the  universe. 
It  has  certainly  left  a  distinct  impress  upon  the  orbits  of  the 
stellar  systems,  and  even  in  the  case  of  the  solar  system  it 
has  exercised  some  influence.  I  do  not  therefore  hesitate  to 
rank  tidal  friction  as  one  of  the  most  imi)ortant  agencies 
operative  in  the  development  of  the  various  systems  of  the 
Cosmos. 

In  conclusion  I  beg  to  add  tiiat  this  and  my  Innncr  article 
constitute  only  a  very  brief  outline  of  the  general  conclu- 
sions at  which  I  have  arrived  by  the  investigation  men- 
tioned. An  investigation  which  explains  satisfactorily  the 
great  exccntricities  of  the  stellar  orbits,  the  large  mass-ratio 
of  the  components,  and  intimately  connects  binary  systems 
with  double  ncbul.'c,  constitutes  a  coherent  theory,  of  which 
the  probability,  to  my  mind,  closely  approaches  certainty. 
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It  is  diffiicult  to  see  how  either  M.  Poincar^  or  Professor 
Darwin  could  have  felt  disappointed,  had  he  realized  the 
full  significance  of  his  splendid  dynamical  researches  as  ap- 
plied in  the  Universe  at  large,  and  not  merely  as  reflected  by 
the  solar  system.  It  appears  to  me  that  more  light  will  be 
thrown  upon  the  general  process  of  cosmic  development,  if, 
instead  of  studying  the  Universe  in  general  through  the  solar 
system,  we  base  our  general  deductions  on  a  study  of  the 
double  nebulas  and  stellar  systems.  Thus  we  may  hope 
eventually  not  only  to  attain  to  a  safer  scientific  basis  for 
stellar  cosmogony,  but  we  may  also  even  approach  the  for- 
mation of  the  solar  S3'^stem  from  anew  point  of  view — from 
the  sidereal  heavens.  On  first  sight  it  appears  doubtful 
whether  the  planets  and  satellites  were  separated,  as  La- 
place, supposed,  in  the  form  of  rings;  a  separation  in  the 
form  of  lumps  or  bulk\'  masses  seems  in  general  more  proba- 
ble. P'inally,  whatever  may  prove  to  be  the  value  of  the 
ideas  I  have  herewith  advanced,  it  is  but  proper  to  state 
that  whilst  I  began  the  investigation  and  arrived  at  the 
main  conclusions  independently,  nevertheless  in  the  exact 
mathematical  investigation  I  have  profited  by  a  study  of 
Professor  Darwin's  extensive  tidal  researches,  and  therefore 
I  should  be  ungracious,  if  not,  indeed,  in  some  measure  un- 
just, if  I  did  not  acknowledge  my  especial  indebtedness  to 
Professor  Darwin  for  some  methods  of  research  employed  in 
his  excellent  memoirs. 

University,  Berlin,  Prussia, 
Febmarv  7th.  1S91. 


THE   SPIRIT   LEVEL. 
A.  HALL.» 

KoK  TiiK  .\1kssi;.ni;i;k, 

In  connection  with  the  interesting  remarks  ot  Professor 
Saiford  on  observations  with  meridian  circles  I  should  like 
to  call  attention  to  the  use  of  the  spirit  level. 

In  the  description  of  the  prime  vertical  instrument  at  Pul- 
kowa  W.  Struve  estimates  the  probable  error  of  a  single 
level  determination  as  ±  0'".02.     On  beginning  observations 

•U.S.  Xaval  Observatory,  Washington,  D.  C. 
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with  a  similar  instrument  at  the  Naval  Observatory  thirty 
years  ago  it  appears  to  have  been  assumed  that  this  estimate 
was  correct,  and  that  the  error  of  level  could  be  perfectly 
corrected  b3'^  means  of  the  spirit  level.  The  level  was  investi- 
gated in  1862,  and  again  at  the  close  of  the  work  in  1867; 
and  apparenth'  it  was  an  excellent  instrument.  On  reducing 
the  observations  the  results  from  the  single  wires  on  any 
day  were  generally  in  good  agreement,  but  the  results  for 
different  days  were  more  discordant  than  one  would  expect. 
Discordances  of  this  kind,  however,  are  usual,  but  in  this 
case  they  led  me  to  suspect  that  the  level  had  not  always 
given  the  true  position  of  the  axis  of  rotation.  This  idea 
has  been  confirmed  by  the  subsequent  examination  and  use 
of  a  number  of  spirit  levels,  and  I  now  think  that  the  ac- 
curacy ascribed  to  this  instrument  has  been  exaggerated. 
It  is  only  occasionally,  I  think,  that  one  finds  a  spirit  level 
in  which  the  motion  of  the  bubble  corresponds  exactly  and 
readily  to  a  small  change  of  level.  We  ought  not  therefore 
to  investigate  a  spirit  level  on  a  certain  date,  and  at  a  cer- 
tain temperature,  and  then  assume  that  its  action  remains 
the  same  for  a  long  time,  and  for  all  temperatures.  I  am  in- 
clined to  question  the  practice  of  putting  a  level  in  a  certain 
position  and  then  to  continue  readings  without  touching  it. 
It  would  be  better  to  subject  the  level  to  a  variety  of 
changes.  In  fact  this  instrument  should  be  used  like  any 
other,  with  the  idea  of  eliminating  constant  errors  that  can 
arise  from  any  defect  or  roughness  that  may  cause  the  bub- 
ble to  stick  at  a  given  position.  It  would  hardly  be  worth 
while  to  observe  the  declination  of  a  star  on  certain  divi- 
sions of  a  circle  for  many  years  without  examining  the  er- 
rors of  graduation,  and  it  would  be  better  in  any  case  to 
shift  the  circle  so  as  to  bring  new  conditions  to  bear  in  the 
determination  of  the  star's  position.  This  is  only  a  step 
toward  transferring  constant  errors  to  the  class  of  acci- 
dental ones,  something  that  should  always  be  done  if  possi- 
ble. 

An  example  of  trusting  too  much  to  the  si)irit  level  may 
be  seen  in  the  new  determination  of  longitude  between  Taris 
and  Greenwich. 

M.'irch  K).  IS'M. 
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NEW  METHOD  FOR  THE  SIMULTANEOUS  DETERMINATION  OF 
LATITUDE  AND  AZIMUTH. 


JOSEPH  S.  CORTI.* 


In  this  method  we  measure  the  difference  between  the 
azimuths  of  at  least  two  stars  when  they  are  at  their 
greater  elongation,  and  we  compute  with  that  value  and 
the  declinations  of  both  stars,  the  azimuth  of  each  of  them 
and  the  observer's  latitude. 

In  order  to  get  at  the  final  formulae  let  us  consider  sepa- 
rately the  two  following  cases : 

I.  Both  stars  are  on  the  same  side  of  the  meridian  at  their 
greater  elongation. 

II.  One  star  is  on  one  side  of  the  meridian,  and  the  other 
on  the  opposite  one. 

Case  I. 
Let  PZ  be  the  meridian,  S  the  position  of  one  of  the  stars, 

of  declination  (J  =  90°  —  PS, 
at  its  greatest  elongation  PS 
its  hourly  circle  and  ZS  its  ver- 
tical circle. 

Calling  Ap  the  angle  made 
by  the  vertical  circle  of  the 
star  with  the  polar  side  of  the 
meridian  ;  then  PZS  =  Ap. 

Also  for  the  star  S', 

PS'  =  90°  —  <^' ;  PZS'  =  A'p. 

And  ZP  =  90°  —  <p,  9  being 
the  latitude  of  the  observer's 
place. 

The  spherical  triangles  ZPS' 
and  ZPS  have  their  angles  S' 
and  S  right ;  then : 
cos  <5' 


sin  A'p  = 

cos  9) 

11) 

,           cos  S 

sm  Ap  =  

cos  gi 

(2) 

Subtracting  (2)  from  (1) 

- ,           .      .          cos  5'  —  cos  d 

sm  A  p  —  sm  Ap  =  

cos  (p 

(3) 

•  Professor  of  Geodesy  at  the  National  Engineering    School    of  San 
Juan  (Arg.  Rep.) 

Note.— Ar  and  A'r  in  both  cuts  should  read  Ap  and  A'p. 
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adding  (2)  to  (1) 


sin  A'p  -\-  sin  Ap 


cos  5'  +  cos  S 


(4) 


cos  qi 

and,  finally,  dividing  (3)  by  (4) 

sin  A'p  —  sin  Ap cos  5'  —  cos  5 

sin  A'p  +  sin  Ap        cos  5'  -|-  cos  5 

Changing  the  sums  and  differences  of  sines  and  cosines 
into  products  in  the  last  formula,  we  have: 


2.  sin  — ^r — -  cos  — ^—^ 


.      A  p  -p  Ap              A  p          Ap 
2.  sin  — ^—^ — —  cos  — ^ 


2.  sm  — - —   sin  — — — 

6'  +  6'  (^'  —  d 

2.  cos  — - —  cos  — - — 


tg 


A'„ 


Ap 


tg 


2  _  _       d'  +  rf      d'  -  J 

A'p  +  Ap  ~  ~  ''^  ~2~  *^~2~ 


(5) 


Knowing  the  declinations  of  both  stars  the  second  number 
of  (5)  will  be  known  and  one  of  the  quantities 

A  p  —  Ap       A  p  -f~  Ap 
2  2 

may  be  computed,  should  the  other  one  be  had  by  measure- 
ment. 

In  our  Case  I,  the  angle  SZS',  that  is,  the  difference  be- 
tween the  instrumental  azimuths  of  the  observed  stars,  is 
just  the  value  of  A'p  —  Ap,  then  from  (5) 


^     A'p  +  Ap             .     A'p  -  Ap       .     6'-\-i^      ^     <5'  -  d 
tg  -^ ^  =  -  tg  —^-2 cotg  — g—  cotg  -^— 


(6) 


after  which  we  may  compute 


Ap  +  Ap. 
2 


Thence 


./  A  p  -^-  Ap  ^  A  p        Ap 

Ap-         2         +         2 

A     __  A  p  "T  Ap       A  p  ~-  Ap 
Ap-         2  2 


(7) 


With  each  of  these  two  values  we  may  compute  the  lati- 
tude by : 

co8 '5  cos '5' 


COS  a>  =  -j — T-  or  cos  tp  —    .     ., 
^       sin  Ap  ^       Bin  A  p 


(8) 


Before  considering  Case  II  let  us  find  the  most  favorable 
circumstance  for  the  determination  of  — ^ — ^-  by  (6)  and 
for  that  off  by  (8). 
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Taking  to  simplify : 

^,  —  A^p  +  Ap  .  —  A^p  —  Ap 

-  —         2         an«  -3  —  2 

e.  g.  (6)  may  then  be  written  down 

,5'  -f  fJ  6'  -  6 

tg  l"  =  -  tg  J  cotg       2  "  cotg  — 2~- 

Any  error  whatever  on  J   will  give  an  error  on  -,  but  no 

doubt,  it  will  do  nothing  to  — ^ —  nor  to  — ^ — ;  then  in  the 

last  formula  the  two  contangents  will  be  constants,  and  d 
and  -  variables  depending  one  from  the  other. 
By  differentiation  of  the  last  formula  we  have 

rf'  4-  ,5  6'  —  fi 

dZ  -cotg_2_cotg-^ 

cos^   i  cos-  J 

Which  shows  that  an  error  whatever,  d^  on  the  difference 
between  the  instrumental  azimuths  of  the  observed  stars, 
will  give  us  on  -  an  error  equal  to  the  former  multiplied  bj^ 
a  factor 

cos2  2       ^     ri'  -I-  (5  6'  -  6 

-  cos^  ^°*S  -2—  cotg  —2-; 

and  as  this  factor  will  be  smaller,  the  greater  the  difference 
\'  —  8,  then  the  most  favorable  circumstance  for  the  compu- 
tation of-  is  that  in  which 

c5'  —  (5  =  maximum  (9) 

The  value  of  Ap  once  found,  e.  g.  (8)  will  give  us  the  lati- 
tude b3' 

cos  '5 
COS  ffl  =     . — —. 
sin  Ap 

Differentiating  this  equation  in  which  Ai.  and  <p  are  varia- 
bles and  <J  constant, 

J  —  cos  (J  COS  Ap    ,. 

-sm<pc/<p  =  --.,-^~— .dAp 

.'.dq>  =  -. — 7  cotg  Ap  cosec  Ap  .  d  Ap, 
sin  (p       °     ^  ^  ^' 

which  shows  that  an  error  on  Ap  gives  on  ^  an  error  so 
much  smaller,  the  farther  the  star  will  be  from  the  meridian 
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at  the  moment  of  its  greatest  elongation,  that  is  to  say,  for 
a  given  place  the  best  star  will  be  the  nearest  one  to  the 
equator. 

Case  II. 
Let,  as  before,  P 
and  Z  be  the  celestial 
pole  and  the  zenith, 
S  and  S'  the  stars 
observed  at  their 
greater  elongation. 

If  8,  8'  and  Ap,  A'p 
be  the  declinations 
of  the  stars  and  the 
angles  made  by  their 
verticals  with  the 
polar  side  of  the 
meridian,  then 
PS  =  90°  -  J ;  PS'  =  90"  -  6' ; 
SZP  =  Ap;  S'ZP  =  A'p; 

and  also  PZ  =  90°  —  ^ ,  <p  being  the  latitude  of  the  observer's 
place. 

The  spherical  triangles  SZP  and  S'ZP,  rectangles  at  S  and 
S'  will  give 

A  p  —  Ap 

,V  -J-  A        ,V   —   #5 

(5) 


t« 


tg 


A  p  4"  Ap 


-tg-2 


,5'  -j-  (J       iV  -  ,J 


tg-2- 


In  this  case  angle  S'ZS  =  difference  between  instrumental 
azimuths  of  the  observed  stars  =  A'p  +  A„ ;  then  from  (5) 

.g  Ai^.  =  _  tg  t^±h,  tg^lti  tgi-  -  "        (10,. 

from  which  we  will  get  the  values  of  Ap  and  A'p  by  (7),  and 
9  by  (8) 
Let  us  find  for  this  case  also  the  most  favorable  circum- 


stance for  the  computation  of 


A%  -  Ap 
2 


by  (10). 

'T    1  •  •  T     r        A'p  +   Ap         J    ^  _  A'p  —  Ap     ^     _ 

Taking,  as  m  case  I,  S  = ^ and  ^  = ,  e.  g. 

(10)  may  be  written  down 

tg  J  =  -  tg  I  tg  ~  f-  tg  —^, 

where  the  only  variables  are  2"  and  ^. 
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Differentiating 

cos2  J  ~        COS-    1^2         ^ 

,  .  cos'  ^  ,    f5'  -f  d 

cos*  2   **      2        " 

which  shows  that  an  error  whatever,  d-,  on  the  difference 
between  the  instrumental  azimuth  of  the  observed  stars, 
will  give  on  ^  an  error  equal  to  it  multiplied  by  a  factor 

co8»J        rf'-f  J         6' -6 

and  as  this  factor  will  be  smaller,  the  smaller  the  difference 
^' — d,  then  the  most  favorable  circumstance  for  the  deter- 
mination of  J  is  that  in  which 

<5' —  <5  =  minimum.  (11) 

Example. 

At  San  Juan  (Argentine  Rebublic)  we  have  observed  three 
stars  at  their  greatest  elongation,  the  1st  of  May  of  the 
present  year,  with  the  following  readings  observed  by  a  6  in. 
theodolite  reading  to  10"  of  arc: 

East  of  the  Meridian. 
Star.  Declin.  Instrum.  reading. 

/S  Triangulis  Australis :  -  63°    5'  25";        230°  9'  55" 
a  Triangulis  Australis :  -  68°  49'  22";        237°  9'  42".5 

West  of  the  Meridian. 

a  Navis  (Canopus) :      —  52^  38'  25";        307°  37'  57".5 
Fixed  staff;  Instrumental  reading  79°  1 1'  30" 

To  compute  the  azimuth  we  may  arrange  the  following 
pairs  of  observations: 

1st.  a  and  P  Triangulis  Australis  on  the  same  side  of 
meridian  (Case  I). 

2d.  «  Triangulis  Australis  to  the  east  and  Canopus  to  the 
west  (Case  II). 

3d.  /S  Triangulis  Australis  to  the  east  and  Canopus  to  the 
west  (Case  II). 

We  do  not  take  into  account  the  1st  pair,  for  its  data  do 
not  satisfy  condition  (9),  and  computing  (10),  (7)  and  (8) 
for  the  other  two,  we  have  what  follows : 
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Value  of  Ap : 

by  2d  pair  for  a  T.  A.  25°  4'  38",2 

"    *'      "      "    Canopiis  45°23'36".8 

"  3d     '•     "    /3T.A.  32°4'23".2 

..    a      .<      ..    Canopus  45°  23^  39^M 

and  taking  the  mean  for  Canopus   ^  45°  23'  37".9 

Starting  from  these  values  the  azimuth  of  the  fixed  staff 
will  be 

by  a  Trian.  Austr.  3°  2'  50".7  ] 

"  ^        "  "       3°  2'  45".3  \  mean :  A  =  3°  2'  48".5 

"  Canopus  3°  2'  49".6  J 

and  the  latitude 

by  a  Trian.  Austr.  —  31°  32' 0".51 

"  >S      "  "       —  31°32'4".2Vmean:o  =  — 31°32'2".3 

"  Canopus  -  32°  31'  2".2j 

Should  we  have  not  rejected  the  1st  pair  of  observations,. 
w^e  would  have  had  two  values  of  Ap  for  each  star,  and  tak- 
ing the  mean  for  each,  the  computation  would  have  given  . 

A  =  3°2'56".8;    ^  =  — 31°  32' 12".8. 


ON  THE  ORIGIN   OF  GAPS  IN  THE  ZONE  OF  ASTEROIDS. 


DANIEL  KIRKWOOD. 
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In  regard  to  the  physical  constitution  of  the  asteroid  zone 
between  Mars  and  Jupiter  it  is  known  by  astronomers — (1) 
that  well  defined  gaps  occur  in  the  arrangement  of  the  mean 
distances;  and  (2)  that  these  blanks  or  chasms  coincide 
with  the  respective  distances  at  which  the  periods  of  minor 
planets  would  have  a  simple  commensurability  with  the 
period  of  Jupiter.  These  coincidences,  then,  are  either  ac- 
cidental, or  the  original  asteroids  have  been  eliminated  by 
the  dominating  mass  of  Jupiter.  The  laws  of  probability 
compel  our  rejection  of  the  former  alternative,*  We  must 
therefore  admit  a  relation  of  some  nature  l)etween  Jupiter's 
influence  and  the  observed  vacant  spaces.  What,  then,  was 
the  modus  operandi  of  Jupiter's  power? 


•  The  AstcroidM,  p.  46. 
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In  the  nebular  hypothesis  the  sun's  centrifugal  force  was 
not  the  only  agent  in  separating  planetary  masses  from  the 
central  body.  The  tide-producing  power  of  previously 
formed  planets,  especially  of  Jupiter,  was  also  effective.  It 
is  easy  to  see  that  the  process  of  asteroid  formation  was 
more  active  in  sections  of  commensurability  than  in  spaces 
intervening.  Those  bodies  were  not  onl}'  separated  from 
the  sun,  in  part,  by  the  influence  of  the  "giant  planet,"  but 
again  eliminated  by  his  agency  from  the  planetary  cluster. 
Was  the  latter  process  a  slow  and  gradual  one — a  secular 
variation,  or  did  the  maximum  activity  at  critical  epochs, 
issue  in  the  sudden  extinction  of  new^  members  by  their  pass- 
ing, in  perihelio,  beneath  the  solar  surface?  That  the  latter 
was  nature's  method,  as  we  have  more  than  once  inti- 
mated,* seems,  we  think,  not  wholly  improbable. 

In  the  first  stages  of  Jupiter's  planetary  existence  its 
diameter  was  probably  several  millions  of  miles.  It  is  hence 
not  impossible  that  some  original  asteroids  may  have  been 
lost  in  its  mass.  A  more  probable  result,  however,  would 
be  their  re-absorption  into  the  sun  itself.  Let  us  suppose 
an  asteroid  separated  in  a  tidal  protuberance,  at  the  dis- 
tance, say,  of  4.481.  Its  period  would  be  four-fifths  of 
Jupiter's.  The  initial  eccentricity  would  doubtless  be  con- 
siderable. If  but  0.15,  the  present  average  of  known  as- 
teroids, its  perihelion  distance  would  have  been  3.8;  in 
other  words  the  point  of  nearest  approach  to  the  sun's  cen- 
tre would  have  been  sixty  million  miles  beneath  its  surface. 
"We  see,  therefore,  that  the  separate  existence  of  the  asteroid 
could  have  been  but  temporary.  Again,  let  us  suppose  an 
original  asteroid  in  the  maximum  chasm,  with  a  period 
equal  to  half  that  of  Jupiter.  Its  mean  distance  from  the 
sun's  centre  would  be  3.2776.  With  a  primitive  eccentricitj'- 
equal  to  that  of  the  earth's  orbit,  (0.017)  the  perihelion 
point  would  be  5,000,000  miles  beneath  the  surface  of  the 
solar  mass.  Similar  reasoning  would  obviously  apply  to 
other  simple  cases  of  commensurable  motion.  Only  those 
asteroids  whose  primitive  perihelion  distances  were  greater 
than  the  radius  of  the  contracting  solar  volume  could  per- 
manently maintain  a  planetary  existence.    In  this  view  of 


*  See  the  author's  "  Asteroids  "  pp.  38-47. 
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the  subject  the  chasms  of  the  zone  originated  with  the  zone 
itself,  and  were  not  produced  by  Jupiter's  secu/ar  perturba- 
tion. It  must  be  remarked  however,  that  the  present  ob- 
served eccentricity  of  many  asteroids  could  not  have  ob- 
tained from  the  beginning,  as  was  shown  by  the  writer  in 
the  work  already  quoted.* 

Intimately  connected  with  this  question  of  the  asteroids 
is  that  of  the  eccentricity  of  Jupiter's  orbit ;  its  origin ;  the 
increased  intensity,  in  perihelio,  of  Jupiter's  perturbation 
on  the  solar  nebula,  the  forming  asteroids,  etc.,  etc.— all 
questions  within  the  domain  of  physical  science.  More  facts 
however,  are  needed  for  their  discussion. 
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Greenwich 
mean 
lime. 


Mercury  will  be  at  greatest  elongation  east  of  the  sun,  20°  01',  April 
18.  It  will  then  be  visible  to  the  naked  eye  an  hour  and  a  half  after  sunset. 
One  should  look  for  the  planet  a  little  to  the  north  of  the  west  point  of  the 
horizon.  The  northern  declination  of  the  planet  makes  this  month  a  very 
favorable  time  for  daylight  observations  of  Mercury,  the  best  time  for  them 
bcmg  after  the  middle  of  the  afternoon. 

Mercury  will  be  at  the  descending  node  of  its  orbit  May  9,  at  3''  A.  M., 
central  time,  and  at  inferior  conjunction  with  the  sun  May  9,  at  8''  41™  p. 
>l.  As  this  conjunction  occurs  so  near  the  node,  the  planet  will  cross  the 
disk  of  the  sun.  The  transit  will  only  be  i)artially  visible  in  the  United 
States.    At  Washington  the  times  of  the  phases  will  be  as  follows: 

Ingress,  exterior  contact,  May  9  ll""  55™  29».3 

Ingress,  interior  contact,  9  12    00    25.0 

Least  distance  of  centers  12' 32.4"  9  14    23    54 

Kgrcss,  interior  contact,  9  16    47    02.3 

Egress,  exterior  contact,  9  16    52    45.7 

The  point  of  first  contact  at  ingress  will  be  115°  31'  E.,  and  that  of  last 
contact  at  egress  will  I)C  108°  15'  W.  from  the  north  point  of  the  sun's  disk. 
At  jilaccs  ill  the  eastern  i)art  of  the  United  States  the  trnnsit  will  begin 
very  near  the  time  of  sunset  so  that  no  observation  of  value  can  be  made. 
The  following  arc  the  standard  times  of  external  contact  at  ingress,  as  cal- 
culated for  scvcr.'il  of  iho  observatories  by  I'rod-ssor  George  W.  Coaklcy 
(•cc  page  40): 

Obscrvaiorv.       •  External  Iii^kss.  Standard. 

Harvard  Colfcgc  6'' 54"' 32".r)rt  Eastern. 

New  York  City  6    54    25  .HI 

\Vnnhington  6   54    18  .(51  " 

Chicago  5   54    19  73  Central. 

Carlcton  College  5   64    26  .68 

Lick  3   54    17.99  Tacific. 

*  Asteroids,  p.  47. 


Current  Celestial  Phenomena. 
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For  any  other  place  the  time  of  ingress  may  be  found  by  means  of  the 
following  formula,  in  which  p  denotes  the  radius  of  the  earth  at  the  place, 
the  geocentric  north  latitude,  a)  the  longitude  west  from  Washington,  and 
L  the  longitude  of  the  nearest  standard  meridian  from  Greenwich. 

r  =  ll^  55™  29.3'  -  L  +  71.66'  p  sin  <)> 

-  157.88'  p  cos  (/)  cos  (20°  16'  55.5"  -  co). 


/  ^ 

^ 

.— . 

^0.,    ft 

,tf 

X 

/  ^ 

"■^^i*. 

'^^^ 

^ 

■--^ 

-.\ 

/       ...,..„                                           --^                    ^ 

\            10^  6  '«g' 

*"•/>'.. 

o.o  'em 

^ 

V-^NO.  7i«55 

— . 

/ 

v: 

^ 

''*"*^* 

^i-:2ji_^ 

/ 

\v           ^--cjo^"''        \^ 

The  time  of  internal  contact  at 
ingress  will  in  every  case  be  about 
five  minutes  later  than  that  of  ex- 
terior contact.  The  diameter  of 
the  planet  at  the  time  of  transit 
will  be  12.0",  so  that  it  will  be 
easily  seen  with  a  small  telescope 
but  will  not  be  visible  to  the  naked 
eye.  The  accompanying  cut  show- 
ing the  path  of  Mercury  across  the 
disk  of  the  sun  during  each  transit 
in  this  century  is  copied  from  L'As- 
tronomie  for  January,  1891. 

Venus  is  "morning  star"  but 

is  receding  behind  the  sun  so  that 

she  can  not  be  readil3'  seen.    Venus  and  Jupiter  will  be  in  conjunction  April 

7,  at  3''  25'"  p.  M.,  central  time,  the  distance  between  the  two  planets  being 

then  only  13'. 

Mars  may  be  seen  in  the  west  each  evening  until  nine  o'clock.  He  is 
now  among  the  faint  stars  of  Aries  and  will  during  this  month  move  east- 
ward into  Taurus  between  the  Pleiades  and  Hyades. 

Jupiter  is  "morning  star"  with  Venus.  The  conjunction  of  the  two 
planets,  April  7,  has  been  mentioned  above.  After  that  date  Jupiter  will  be 
the  more  westerly  of  the  two,  both  being  brighter  than  any  of  the  stars  in 
the  morning  sky.  It  is  rapidly  coming  into  good  position  for  observation. 
Saturn  is  on  the  meridian  now  at  about  ten  o'clock  in  the  evening,  and 
doubtless  most  lovers  of  astronomy  have  already  had  many  excellent  views 
of  the  planet.  The  rings  are  inclined  at  an  angle  of  only  five  degrees  to 
the  line  of  sight  so  that  their  width  is  greatly  foreshortened,  j'et  in  moments 
of  good  definition  one  can  distinguish  the  three  rings  with  a  telescope  of 
moderate  power.  We  would  call  especial  attention  to  the  suggestions  of 
Professor  Trouvelot  (page  171)  as  to  what  observations  may  and  should 
be  made  this  year  upon  the  ring  system  of  Saturn. 

Uranus  will  be  at  opposition  April  19,risingthen  at  about  sunset.  The 
best  hours  for  observing  this  planet  will  be  from  ten  to  two  o'clock  when  it 
will  be  not  far  from  the  meridian  at  an  altitude  of  about  35°.  We  refer 
those  who  wish  to  look  it  up  with  small  telescojies  to  the  diagram  in  our 
last  number  (page  142)  showing  the  path  of  Uranus  among  the  stars. 
Neptune  is  too  low  in  the  west  in  the  evening  to  l>e  well  seen. 
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The  Sidereal  Messenger. 


Date.                 R.  A.  Decl. 

1891.               h      tn  °    ' 

Apr.    25 3  18.6  4"  21  08 

May    5 3  15-5  +  ^9  09 

15 2  56.2  +  14  55 

Apr.  25 23  54.6  —    2  II 

May    5 038.5  4-    2  17 

15 I  22.8  -|-    6  46 

Apr.  25 407.0  4-21  36 

May    5 4  35-7  +  22  48 

15 5  05-0  +  23  40 

Apr.  25 22  48.5  —    8  35 

May    5 22  55.2  —    7  57 

15 23  01.2  —    7  22 

Apr.  25 10  51.5  +    9  35 

May    5 10  50.7  -f    9  38 

«5 1050.6  -+-    9  37 

Apr.  25 13  49.0  —  10  38 

May    5 13  47-5  —  10  29 

15 13  46.0  —  10.21 

Apr.  25 4  14.8  +  19  40 

May    5 4  16.2  -|-  19  44 

15 .-.  4  17-5  +  19  4« 

Apr.  25 2  1 1.7  -|-  13  16 

May    5 2  49.8  4-  '6  19 

15 3  28.9  -f  18  56 

Apr.  20 II  55.7  -I-    5  44 

25 15  53-2  -    19  4« 

30 >9  53-7  -  24  5« 

May  5 o  43.2  —   o  04 

10 5  28.9  -\-  24  51 

15 10  06.1  -|-  '7  '6 


MERCURY. 

Rises, 
h     tn 

5    32  A.  M. 
4   59     " 
4  19    " 

Transits. 

h      m 

I   04.7  p.  M. 
12    22.1       " 
II   23.6  A.  M. 

Sets. 
h     m 
8  38  P. 
7  46    ' 
6  28     ' 

M. 

VENUS. 

3  46  A.  M. 

3  33     " 
3  20     " 

9  411  A.  M. 

9  45-6     " 
9  50-5     " 

3  36  P. 

3  58     ' 

4  21     • 

M. 

MARS. 

6    18  A.M. 

6  ox     " 
5  46     " 

I    52.8  p.  M. 
I    42.3      " 
I    32.0      " 

9  28  p. 
9  24     ' 
9  18     ' 

M' 

JUPITER. 

3   07  A.  M. 

2   31       " 

I    50      " 

8   35.9  A.  M. 
803.3      " 

7  29.9     " 

2  05  p. 

I  35      ' 
I  04     ' 

M. 

SATURN. 

I   54  P.  M. 
I    14      " 

0   35       " 

8  36.2  p.  M. 
7  56.1     " 
7  x6.6    " 

3   18  A. 

2  38     ' 
I  58     ' 

M. 

1 

URANUS. 

6    12  P.  M. 

5  31     " 
4  49     " 

II    33.2  P.M. 

10  52.4     " 
10  1 1.6     " 

4  54  A. 
4  14     ' 
3  34    ' 

M. 

NEPTUNE. 

6  35  A.  M. 

5  56    " 
5  18    " 

2   00.7  p.  M. 
I    22.8       " 

0  45-0     " 

9  27  p 
8  49     ' 
8  12     ' 

.  M. 

THE  SUN. 

5   00  A.  M. 

4  45     " 
4  33     " 

II    57.9  A.   M. 
II    56.6       " 

u  56.2     " 

6  56  p. 

7  08     ' 
7  20     ' 

.  M. 

u 

.1 

THE  MOON. 

3  20  P.  M. 
8  46     " 
12   48  A.  M. 

3  44     " 

6  12     " 

II  01     " 

10  00.3  p.  M. 

1  37-6  A.  M. 

5  21.7     " 
9  50.7     " 

2  16. 1   p.  M. 

6  32.8     " 

4  29  A, 
6  22     ' 
9  46 
4  10  p. 
10  26     ' 

I    52  A. 

.  M. 

i( 

It 
M. 

M. 

Occultations  Visible  at  Washington. 


IMMIiKSrON. 

BMKRSIO.N. 

Rtar'n          MaKni- 

Wnnli.     AnKic  f'm 

Wash.       AtiKle  f'ni 

nitra- 

Date. 

Niimc.             tuch:. 

Mcun  T.      N.  P't. 

Mcun  T.        N.I't. 

tion - 

h     tn               ° 

h     n)                 " 

li  ni. 

Apr.  I«. 

,./  lA'oniH                  5.7 

II    08           134 

12   22.7             302 

«    >5 

32.. 

,.65  Virj^inis            6.1 

6  12           104 

7   «S-4            3'9 

I   04 

23.. 

,66  Vir^iniH           6.0 

7  00         115 

8  ii.«           3^3 

I    II 

35,, 

.A  Libra*              5.1 

10  08        107 

It  20.1           313 

I    12 

May    2. 

,.r'  Aqunriif          5.8 

14  43             30 

15  21.4           301 

0  39 

12. 

..X  Gcminoriimt    3-6 

10  39           130 

It    25.7              2$f) 

0  46 

14. 

..H.A.C.  3206          6.3 

8  35         '42 

9  42.6          273 

I  08 

•  ImtnrrHion  IktIow  the  horizon  of  Woxhington. 
f  .Multiple  Hiar. 


Current  Celestial  Phenomena. 
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Mr.   Marth 

s  Ephemerides 

of  Saturn's  Satellites. 

[Reduced  to  Central  Time:  from  Monthly   NoticeH,   Vol 

LI   Nov.   1890;  Dl 

=  Dlone ; 

En.  =  Enceladus 

Mi.  =  Mimas;  Rh 

.  = 

=  Rhea;  Te.  =  Tethy 

s;  Ti.  =  Titan;  c  = 

:  coujunc* 

tlon  with  the 

cen 

ter  of  planet ;  f  = 

conjunction 

with  following  end  of  ring;  p  = 

:  eonjunc 

tionVlth  precedi 

ng  end:  n  = 

north  ;  s  =  south  of  the  major  axis  of  the  ring ;  e 

=  eaatern 

elongation:  w 

= 

(veBteru  elongation.] 

April  15  12.1a 

m. 

En.  pn 

April 

26 

3.7  p.  m 

Mi.  fn 

May    7    7.9  p.  m. 

Te.  ps 

1.9  p. 

m. 

Di   pn 

7.1 

Te.  fs 

9.3 

Rh.  fn 

2.2 

Mi.  pn 

9.6 

Ml.  pn 

11.1 

Mi.  fn 

4.:i 

Rh.  pn 

11.3 

Rh.  fs 

11.9 

Dl.  w 

5.5 

En.fs 

27 

1.0 

Di.  ps 

8    4.3 

.Ml.  fa 

7.1 

Te.  e 

2.3 

Ml.  fn 

5.2 

En.  pa 

7.6 

Mi.  ps 

5.8 

Te.  i)n 

6.6 

Te.  fn 

16    2.9 

Rh.  w 

6.1 

En.  ps 

8.2 

Dl.fs 

2.9 

Dl.  ps 

8.2 

Mi.  pn 

9.7 

Mi.  fn 

6.8 

Te.  w 

9.4 

Di.  fs 

11.6 

En.  fa 

6.2 

Mi.  ps 

y.9 

Rh.  e 

9    3.0 

Mi.  fa 

7.1 

En.  ps 

28 

4.4 

Te.  fs 

4.0 

En.  pn 

10.7 

Di.fs 

4.9 

En.  pn 

5.3 

Te.  ps 

17     1.5 

Rh.  ps 

6.8 

Ml.  pn 

8.4 

Mi.  fn 

4.4 

Te.  e 

8.5 

Rh.  fn 

9.2 

Di.fn 

48 

Mi.  ps 

10.5 

Di.  fn 

10  12.3  a.  m. 

Te.  fa 

5.9 

En.  pn 

29 

3.1 

Te.  pn 

3.3  p.  m. 

Te.fn 

10.6 

Rh.  fs 

5.5 

Mi.  pn 

5.5 

Dl.  w 

10.7 

Ml.  fs 

6.8 

Dl.  w 

6.6 

En.  fn 

11.8 

Di.  fn 

7.5 

En.  fn 

7.0 

Ml.  fn 

18  12.2  a. 

m. 

Te.fn 

10.9 

Ml.  ps 

10.9 

Te.  pn 

3.1  p. 

m. 

Te.  w 

10.9 

Te.  w 

11     1.9 

Di.  fs 

8.1   '• 

" 

Dl.  w 

30 

1.7 

Te.  fa 

2.6 

Te.  pa 
En.'fs 

9.1 

Rh.e 

3.1 

Dl.  fs 

5.4 

10.9 

Te.  p8 

4.1 

Ml.  pn 
Kn.fb 

5.6 

Ml.  fn 

19  11.4  a. 

m. 

Tit.   Blip 

6.3 

9.6 

Te.  fs 

C.  M.  18" 

7.5 

Mi.  ps 

11.5 

Ml.pn 

].7p. 

m. 

Te.  e 

7.5 

Te.  e 

12    2.4  a.  m. 

Dl.'e 

4.4 

Di.fs 

May 

1 

4.2 

Di.  fn 

1.2  p.  ni. 

Te."  fn 

7.7 

Rh.  fu 

S.l 

Mi.  ps] 

2.9 

Di.fn 

9.5 

Te.  fn 

8.2 

Te.  w 

4.2 

Ml.fu 

20  12.4 

Te.  w 

8.8 

Eu.  p8 

6.7 

Rh.  pn 

5.5 

Di.  fn 

2 

6.7 

Mi.  pH 

7.9 

En.  ps 

9.2 

Te.  ps 

6.8 

Te.  e 

8.2 

Te.  pn 

21    1.8 

Di.  w 

7.6 

Ed.  pn 

10.1 

Mi.  pn 

2.2 

En.  fn 

3 

5.3 

MI.  ps 

10.7 

Di.  pn 

5.2 

Mi.  fs 

55 

Te.  w 

18    2.3  a.  m. 

En.  fs 

6.8 

Te.  fn 

6.9 

Rh.  pn 

2.4 

Tit.     inf 

8.5 

En.  fn 

9.3 

Dl.  e 

c.  n.  18" 

22  10.6 

Mi.  fn 

10.1 

En.  fn 

2.8  p.  m. 

Mi.fn 

1.0 

En.  fs 

11.2 

.Mi.  fs 

5.3 

Rh.  w 

3.8 

Mi.  fs 

4 

2.6 

En.  ps 

6.7 

En.  pn 

5.5 

Te.  ps 

3.9 

.Mi.  pa 

6.9 

Te.  fa 

9.2 

Ml.  fn 

4.2 

Te.  e 

8.7 

Ml.  pn 

10.6 

Dl.  e 

4.5 

Rh.  w 

11.8 

Di.ps 

11.0 

En.  fn. 

5.7 

Dl.  pn 

.   14    2.1  a.  TO. 

Mi.  pa 

23  12.5  a. 

in. 

Te.  fs 

8.9 

En.  fa 

2.7 

Te.  e 

4.1  p. 

ni. 

Te.  fn 

9.9 

Mi.  fa 

3.9  p.  in. 

Rh.  pa 

6.9 

Dl.  pn 

5 

9.7  a.  m 

Tit.  sup 

5.5 

Te.  pn 

11.1 

Te.  pn 

c.  s.  18" 

7.4 

Ml.  pn 

24    2.8 

Te.  ps 

2.8  p.  m 

Te.  w 

8.1 

Dl.-e 

6.1 

Rh.  pn 

3.1 

Rh.  po 

9.2 

En.fn 

8.0 

Di.ps 

6.7 

Di.  ps 

15  12.8  a.  m. 

Mi.  ps 

9.8 

Te.  fs 

8.5 

.\Ii.  fs 

12.9 

Rh.fs 

25    1.4 

Te.  fn 

10.6 

Te.  ps 

14 

Te.  w. 

8.7 

Rh.  w 

6 

1.5 

Te.  e 

1.7  p.  m. 

En.  pa 

4.3 

Di.  e 

3.0 

Di.  e 

4.2 

Te.  fa 

4.8 

En.  fn 

3.9 

En.  fn 

4.4 

Dl.  pn 

5.1 

Ml.fu 

7.1 

Mi.  fs 

6.0 

Mi.  pn 

8.4 

Te.  pn 

9.3 

Te.  fn 

8.0 

En.fs 

ll.O 

Mi.  pn 

10.3 

Eu.  pn 

11.4 

Mi.  pa 

11.2 

En.  pn 

10.7 

Rh.  e 

n.G 

Rh.  e 

26     2.3 

Rh.  ps 

7 

2.7 

En.fs 

12.0  mldn. 

Te.  e 

3.G 

En.  fs 

h.7 

Mi.  fa 

Two  new  minor  planets  of  the  thirteenth  magnitude  have  lieen  discov- 
ered since  our  last  issue,  No.  307  by  Millosevich  at  Rome,  March  1,  and  No. 
308  by  Charlois  at  Nice,  March  5.  No.  307  was  in  R.  A.  10^  47'"  29%  Decl. 
+  11°  37';  and  No.  308  in  R.  A.  lO**  1"'  26*;  Decl.  +  19°  4-2'.  Both  were 
moving  north  and  west. 
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The  Sidereal  Messenger. 


Apparent  Orbits  of  the  Seven  Inner  Satellites  of  Saturn,  May  17, 
1891,  AS  Seen  in  an  Inverting  Telescope. 

{The  Vertical  Scale  is  Twice  the  Horizontal  One.) 


Phases  and  Aspects  of  the  Moon. 


First  Quarter 1891   Apr. 

Apogee 

Full  Moon 

Last  Quarter 

Perigee 

Xew  Moon 

First  Quarter , 


Central  Time. 

d 

h 

m 

15 

7 

40  P. 

M. 

19 

5 

24  a. 

M. 

24 

12 

05 

' 

1 

7 

51 

' 

5 

2 

36     ' 

' 

8 

12 

15    * 

' 

15 

1 

04  p. 

M. 

Minima  of  Variable  Stars  of  the  Algol  Type. 
[The  times  are  given,  to  the  nearest  hour  of  Central  Time,  of  only  those 
minima  which  can  be  observed  in  the  United  States.] 


U  CEPHEI. 

R.  A O''  52'"  32" 

Decl -1-81°  17' 

Period 2d  ll^^  50™ 


Apr.  18 
23 
28 

May    3 

8 

13 


8  P.  M. 

7  '• 
7  " 
7  '• 
6  " 
6      " 


R  CANIS  MAJ. 

R.  A 7»'14™30' 

Decl —  16*11' 

F«eriod Id  3^  IB" 


Apr.  21 

H  p.  M 

22 

11      •' 

29 

7     " 

30 

10      " 

May    - 

'  1     " 

S   ANTLI^. 

R.  A 9'»27'"30' 

Decl —  28°  09' 

Period 7*'  47'" 


Apr.  21 
22 
23 
24 
25 
3 
4 
5 
6 
15 


Mav 


10  p, 
10 
9 

8 

8 
10 

9 

9 

8 
10 


U  CORONA. 

R.  A 15>'13">43« 

Decl +32°  03' 

Period atflOhSl'" 

April  16  4  A.  M. 

23  1     " 

29        Up.  M. 
May     6  9    " 

U  OPIIIUCHI. 

R.  A 17»'  10">56» 

Decl +  1°  20'" 

Period Od  20'' 08'" 


S  LIBRAE. 

R.A 14''55'n06' 

Decl —  8°  05' 

Period 2d  07"  51"' 

Apr.  18         10  p.  M. 
25  9     " 

May    2  9     " 


9 


9 


Apr.  16 

5  A.  M. 

17 

1       " 

17 

9  P.  M. 

22 

1  A.  M. 

22 

9  P.  M. 

27 

2  A.  M. 

27 

8  P.M. 

May    2 

3  A.  M. 

•> 

11   P.  M. 

7 

4  A.  M. 

7 

12  midn 

12 

5  A.  M. 

13 

1        " 

14 

9  P.  M. 

Current  Celestial  Phenomena. 
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COMET  NOTES. 


Ephemeris  of  Comet  1890  II  (Brooks,  March  19).  From 
ements  as  given  in  A.  N.  Vol.  124-,  p.  301,  I  have  computed 
ephemeris : 


Gr.  M.  T.   App.  R.  A. 


April 


1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

13.5 

15.5 

17.5 

19.5 

21.5 

23.5 

25.5 

27.5 

29.5 


9  50  38 

47  59 

4.5  30 

43  11 

41  0 

38  57 

37  2 

35  16 

■  33  38 

32  7 

30  44 

29  28 

28  18 

27  14 

26  16 


App.  Dec. 

o  / 

+  34  4 

33  48 

33  32 

33  16 

33  1 

32  44 

32  28 

32  11 

31  54 

31  38 

31  21 

31  4 

30  47 

30  30 

30  14 


Logr 

0.5965 

0.6006 

0.6042 

0.6080 

0.6117 

0.6154 

0.6191 

0.6228 


Bidschoff's  el- 
the  following 

Log  J 
0.5193 
0:5312 
0.5427 
0.5545 
0.5663 
0.5779 
0.5894 
0.6008 


The  theoretical  light  at  the  end  of  April  is  0.12,  that  at  discovery  being 
unity.  O.  C.  Wendell. 

Harvard  College  Observator}',  March  14,  1891. 


Ephemeris  of  Wolf's  Periodic  Comet  1884  III.  We  take  from  the  As- 
tronomical Journal  t\iG  ioWow'in^  ephemeris  for  the  return  of  this  periodic 
comet,  computed  by  Dr.  Berberich  and  communicated  to  the  Journal  hy  Mr. 
E.  E.  Barnard : 


EPHEMERIS  FOR  BERLIN  MIDNIGHT. 


1891 

App.  R. 

A. 

App. 

Decl. 

log  J 

Brightnc! 

May  3 

22 

31 
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44 
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53 

15 

25 

57.3 

6 

1 

03 

42 

+  26 

32.2 
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Variation  corresponding  to  —  Id  in  the  period 
May  11+    96%  +  l'.4. 
June  20  +  133%  — 2'. 3. 
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NEWS  AND    NOTES. 


We  suggest  to  subscribers  that  it  is  not  the  safest  \va3'  to  remit  dues  to 
The  Messenger,  by  currency  or  postal  notes,  though  the  latter  is  a  very 
common  way,  and  the  former  frequent.  If  letters  are  lost  or  destroyed  in 
railway  accidents  the  remittances  are  liable  to  be  a  total  loss  to  somebody'. 
If  post  office  orders,  bank  drafts  or  checks  are  used  the  probabilitj'  of  loss 
is  considerably  diminished. 


Publication  No.  2  of  Carleton  College  Observatory  is  nearly  ready  for 
distribution.  This  number  consists  of  the  observations  and  the  reduction 
of  the  same  for  the  determination  of  the  three  following  longitudes: — 

I.  The  longitude  of  Carleton  College  Observator}*,  re-determined,  as 
based  on  Washington  directly. 

II.  The  longitude  of  Iowa  College  Observatory-  at  Grinnell,Iowa,  also 
based  on  Carleton  College  Observatory. 

III.  The  determination  of  the  longitude  of  the  point  where  the  103°  me- 
ridian west  of  Greenwich  intersects  the  Northern  Pacific  Railroad,  as  an  ini- 
tial point  for  the  government  survey  of  the  Sioux  Reservation.  The  basis 
of  this  determination  was  Carleton  College  Observatory. 


"  The  Irrepressible  Conflict "  is  the  title  of  the  leading  article  of  this  is- 
sue. The  manner  in  which  Professor  Boss  has  presented  the  general  theme 
in  this  paper  will  quicken  the  interest  of  the  friends  of  astronomy  in  the 
United  States,  and  we  hope  sufficienth'  arouse  the  attention  of  the  public 
mind  generally  to  a  matter  that  needs  radical  reform. 


The  Origin  of  Stellar  Systems.  Mr.  See,  of  the  I'niversit}'  of  Berlin,  has 
favored  The  Messe.nger  by  two  important  jiajjcrs  on  the  "Origin  of  the 
Stellar  systems,"  which,  we  think,  will  \ye  read  generally  with  much  inter- 
est. If  we  had  had,  in  this  issue,  space  at  command,  we  would  have  pre- 
sented some  valuable  tables  from  which  Mr.  See  derives  some  of  his  data 
for  support  of  the  new  theory.  We  notice,  however,  that  the  tables  referred 
to  have  already  apfK'arcd  in  connection  with  a  similar  paper  i)ublis]ied  by 
the  author  in  Observatory,  for  February  of  this  year. 

We  arc  sorry  also  that  our  crowded  pages  have,  for  this  month,  shut 
out  a  Inrgc  amount  of  useful  amateur  matter  that  we  had  ])1anned  to  pre- 
sent. Wc  arc  now  ready  to  take  up  the  work  of  which  wc  have  ])reviously 
spoken  as  adapted  to  the  ojK'ra-glnss  and  tiic  small  telescope  for  our  nu- 
merous friciulH  who  desire  to  do  soniething  in  this  way  systematically. 
The  more  wc  have  thought  of  this  uwful  branch  of  work,  the  more  it  has 
seemed  to  us  that  we  ought  to  publinh  this  matter  .separately  and  in  suit- 
nble  nnd  convenient  form  for  the  use  of  those  interested.  Further  consider- 
ation may  lend  us  to  do  it  and  to  ntulertake  the  work  in  that  form  (juitc 
soon. 
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Polar  Snow  Caps  and  a  Solar  Belt  on  the  Moon.  A  suggestive  article 
is  found  in  the  English  Mechanic  of  March  13,  1891,  on  the  probability  of 
polar  snow  caps  and  a  solar  belt  on  the  moon,  written  by  S.  E.  Pearl,  of 
India.  It  is  assumed  that  the  axis  ot  the  moon  has  changed  about  30°  in 
early  ages  of  lunar  development,  occasioning  thus  a  new  tidal  equator. 
By  drawing  the  north  pole  towards  us  about  30°,  it  is  noticeable  that  Ma- 
ria Imbrium,  Serenitatis,  Crisium  and  Smythii  lie  trulj'  in  a  line  of  a  great 
circle  and  form  a  chain,  in  such  a  manner  and  at  such  a  place  as  seem  to 
preclude  the  possibility  of  accident.  In  regard  to  this  fact  Mr.  Pearl  says: 
*'  This  great  chain  of  Maria,  therefore  I  take  to  be  the  remains  of  the  great 
solar  belt  about  the  former  old  (tidal)  equator;  the  remains  of  the  Ijelt  of 
solar  influence,  the  least  areas  left  liquid  ere  the  polar  caps  united.  The 
enormous  littoral  ranges  are  the  snow  ramparts  raised  during  the  long, 
final  struggle  around  these  vast  lagoons,  repeating  exactly  on  a  large 
scale  the  features  we  see  in  all  the  other  circular  formations  called  craters 
and  walled  plains.  In  case  any  of  your  readers  maj-  doubt  the  possibility 
of  the  change  in  the  lunar  axis  of  30°,  I  may  say  that  when  starting  this 
part  of  the  investigation,  I  laid  the  case  before  Professor  C.  H.  Darwin,  and 
ve  hery  kindly,  at  once,  replied  that  'the  shifting  of  the  axis  of  rota- 
tion is  undoubtedly  a  mechanical  possibility.  A  large  shift,  such  as  you 
postulate,  is  far  more  likely  to  occur  in  the  case  of  a  body  with  slow  rota- 
tion, as  in  the  case  of  the  moon,  than  in  the  earth.'  " 


No.  14,  Vol.  Ill,  Publications  of  the  A.  S.  P.  is  at  hand.  It  contains  83 
pages  of  useful  current  matter  of  unusually  wide  range.  It  is  one  of  the 
strongest  numbers  that  the  society  has  issued. 


A  Remarkable  Meteor.  By  kindness  of  C.  C.  Hutchins,  of  Brunswick, 
Maine,  we  have  a  brief  account  of  a  remarkable  meteor  which  was  seen 
near  Kingsfield,  Maine,  on  the  morning  of  the  23d  of  last  month.  The  jie- 
culiarities  of  this  meteor  were  its  great  size  and  its  vivid  light.  Its  course 
is  said  to  have  been  from  southwest  to  northeast,  as  far  as  Franklin  Coun- 
ty, Maine.,  where  it  exploded.  The  noise  of  the  ex])losion  was  heard  for 
many  miles  and  shook  buildings  like  an  earthquake.  It  left  only  a  dense 
cloud  of  smoke  behind,  no  fragments  reaching  the  earth,  so  far  as  known. 


Rev.  P.  B  Fisk,  of  Morrisville,  Vt.,  by  private  letter,  also  sends  an  ac- 
count of  the  Maine  meteor.  He  saj's  the  explosion  took  place  over  eastern 
Maine,  from  three  to  five  minutes  past  4  o'clock  a.  m.  February'  23.  Before 
4  o'clock,  Mr.  Fisk  was  awake,  and  the  full  moon  shone  brightly,  and  he 
saw  a  light  like  that  of  a  meteor  which  indicated  that  it  had  passed  south- 
ward and  to  the  east.  He  was  probabh'  100  miles  west  of  the  place  where 
the  meteor  exploded  in  Maine. 


Dr.  Hosmer  A.  Johnson,  of  Chicago,  died  February-  26,  1891.  He  was 
President  of  the  Chicago  Astronomical  Society  from  1882  to  1889.  At  the 
time  of  his  death  he  was  Vice-President,  and  Professor  E.  Colbert,  of  the 
Chicago  Tribune,  President. 
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Nebulous  System  of  Orion.  By  private  letter  of  March  10,  C.  C.  Hutch- 
ins  says  that  a  portion  of  the  vast  nebulous  system  of  Orion  is  easily  visible 
in  a  small  telescope.  Just  over  and  in  the  same  field  with  X,  Orionis  his  6V^ 
inch  comet  seeker  shows  a  verA'  extensive  nebulosity  with  a  mottled  light 
like  that  of  the  outlying  portion  of  the  great  nebula.  This  is  visible  ouc  at 
least  half  a  degree  square  and  is  seen  to  have  a  great  dark  rift  dividing  it 
into  two  unequal  portions.  This  same  nebulous  patch  has  been  seen  at 
Northfield  since  Mr.  Hutchins  called  our  attention  to  it.  The  broad,  dark 
rift,  in  its  general  course,  is  concave  to  the  star,  and  seems  to  have  short, 
faint  branches  on  either  side.  The  mottling  of  the  nebulous  mass  is  dis- 
tinctly seen.  We  used  the  SVi-inch  Clark  equatorial  with  a  power  of  50, 
On  December  26,  1889,  Dr.  H.  C.  Wilson  photographed  this  region  with  an 
ordinary  camera  attached  to  a  telescope.  The  lens  of  the  camera  was  2V^ 
inches,  and  the  time  of  exposure  was  two  hours  and  fortN-  minutes.  Two 
negatives  of  the  same  field  were  taken  at  different  times  but  the  date  of  the 
second  one  was  not  preserved.  Both  show  the  dark  rift  and  portions  of  the 
nebulosity  above  referred  to.  They  were  not,  however,  before  observed, 
simply  because  the  plates  were  not  studied.  Some  of  our  books  of  refer- 
rence  are  not  now  at  hand,  and  hence  we  can  not  be  sure  that  this  large 
nebula  is  not  on  record.  If  it  is,  we  do  not  remember  it  and  we  are  sure  we 
have  never  seen  it  before.  This  an  excellent  field  for  the  small  telescope  and 
the  amateur  to  tr\-  his  powers  of  observation. 


Wolshingham  Observatory.    A  star  8.4,  red.  III  type,  not  in  D.  M.  was 
observed  here  January  31st,  February  1st  and  2d,  at  5'>  32'"  37",  +  31°  57' 
('55).    This  star  is  perhaps  variable. 
Circular  No.  29. 
The   variability  of  Es— Hini.  14-6  =  I).  M.  -f  68.398   has   been   ascer- 
tained.   Period  and  limit  unknown.  T.  E.  EspiN. 
Circular  No.  30. 

Rousdcn  Observatory,  England.  C.  E.  Peck,  of  Rousden  Oljscrvatory, 
England,  favors  TnK  Mkssenoer  with  a  report  of  astronomical  work  done 
during  the  \'ear  1890.  It  has  consisted  chiefly  of  transit  observations  and 
observatiims  of  variable  stars,  a  list  of  which  is  given.  This  is  the  fifth 
year  that  variable  star  work  has  been  carried  on  regularly. 

A  Remarkable  Solar  //fl/o.— Yesterday  at  1  Pj  m.  I  witnessed  an  exhi- 
tiition  of  the  above  phenomenon  quite  unlike  any  1  had  ever  seen  or  read  of- 
The  Hky  had  been  unusually  clear,  and  I  was  congratulating  myself  on  the 
anticipated  cloudless  night,  but  at  the  above  hour  I  was  surprised  to  note 
the  Hun  shining  but  dimly,  and,  looking  out  of  a  west  window,  to  see  the 
Hky  nearly  covered  with  a  thin  haze,  and.  in  the  northwest,  at  an  elevation 
of  about  45°,  a  segnient  of  a  luminous  curve,  ••"roni  the  lawn,  the  segment 
wa«  found  to  Ik.*  jiart  of  a  complete  circle,  but  the  sun  instead  of  occupying 
its  center,  an  is  generally  the  case,  wan  at  its  Boutliern  circumference,  the 
northern  limit  )>eing,  by  ctttimation,  contiguous  to  the  pole  star.  The  di- 
ameter of  the  circle  muitt,  therefore,  have  l)cen  90".  The  luminous  band 
wan  about  hidf  a  degree  in  width  and  without  color.  Lkwis  Swikt. 

Wnrner  Obncrvtttorv.  Rochester,  N.  Y.,  March  18,  1891. 
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Star  Studies  by  the  Opera-Glass.  We  were  very  sorry  not  to  be  able 
this  month  to  begin  the  star-studies  by  the  opera- glass  as  we  had  exjjected 
to  do.  Mr.  G.  P.  Serviss,  of  New  York,  will  have  some  matter  read}'  for 
the  next  Messenger.  He  has  been  unavoidablj-  delayed  in  its  preparation 
so  far. 

Charles  A.  Bacon,  director  of  Smith  Observatory,  Beloit.  Wis.,  is  indus- 
triously' at  work  on  an  illuminated  globe  for  the  aid  of  teachers  and  stu- 
dents in  the  studj'  of  the  constellations.  Something  of  the  plan  of  the  globe 
and  the  method  of  using  it  will  be  given  b}'  Mr.  Bacon  in  the  next  issue  of 
this  peiiodical. 


Publications  of  the  Leander  McCorwick  Observatory  of  the  University 
of  Virginia.  We  are  in  receipt  of  Part  5,  Vol.  1,  of  the  above  named  publi- 
cations, with  title  Durchmusterung,  —  23°.  This  is  a  neatly  printed  cata- 
logue of  6671  stars,  all  belonging  to  one  degree  of  south  declination  num- 
bered 23,  and  is  a  continuation  of  the  Bonn  Durchmusterung.  The  work 
was  begun  at  the  Cincinnati  Observatory,  and  the  instrument  emplo3'ed 
was  a  4-inch  equatorial  by  Alvan  Clark  &  Sons.  The  instrument  used  at  the 
Leander  McCormick  Observatory,  where  the  work  was  completed,  was 
made  by  Kahler  and  was  of  the  same  size.  The  observers  were  Professor 
Stone,  F.  P.  Leavenworth,  H.  C.  Wilson,  H.  V.  Egbert  and  John  Jones. 


Comets  Captured  by  Electricity.  Several  copies  of  the  Examiner  (San 
Francisco,  Cal.),  liearing  date  March  8,  have  been  received  from  friends  in 
different  parts  of  the  West,  calling  attention  to  a  new  mode  of  discovery  of 
comets  by  the  aid  of  electricity,  and  other  ingenious  appliances,  expected 
to  work  automatically  and  constantly.  In  a  word  the  machine  is  of  such 
a  kind  (according  to  the  Examiner's  report)  that  if  it  be  set  its  telescope 
will  sweep  the  sk^'  automatically  and  automatically  record  the  observation 
of  cometary  bodies  and  those  only.  All  the  observer  has  to  do  is  to  Htart 
his  machine  and  it  will  do  the  work  alone,  and  he  can  go  about  other  busi- 
ness or  sleej)  if  he  chooses.  We  have  the  impression  that  this  sensational 
story,  with  its  strong  head-lines,  is  a  hoax,  or  a  tremendous  scientific  blun- 
der. It  is  eas\'  to  believe  this,  because  the  Examiner  has  a  wonderful  capa- 
<;ity  for  blundering  in  scientific  matters.  We  remember  our  own  experience 
with  that  paper  two  years  ago.  Its  manager  had  asked  the  favor  of  some 
facts  about  the  eclipse.  The  facts  were  given,  and  they  elicited  an  editorial 
that  was  the  most  wonderful  piece  of  blundering  known  to  us  in  the  whole 
range  of  newspaper  possibilities.  The  errors  were  so  obvious  that  no  one 
paid  any  attention  to  them.  This,  probably*  is  another  illustration  of  the 
Examiner' s  progressive  science. 


Theology  by  Starlight  is  an  apt  and  forceful  interpretation  of  the  Word 
now  spoken  from  on  high,  by  Newton  M.  Mann,  who  has  w^ritten  much 
and  well  for  these  pages  for  j-ears  past.    The  author  believes  that 
"  One  sun  by  day,  by  night  ten  thousand  shine 
To  light  us  up  into  the  Deity." 
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Photographic  Notes.  "  M.  Prosper  Henry  calls  attention  to  the  fact 
that  the  co-efficient  of  refraction  is  not  the  same  for  photographic  raj'S  as 
for  visual.  ...  At  Z.  D.  80°  visual  and  photographic  refractions  v^'ould 
differ  b\-  about  5" ;  and  generally  in  photographic  work,  all  visual  refrac- 
tions would  be  increased  in  the  ratio  of  1.0156  :  1.  The  measures  from 
w^hich  this  result  was  obtained  were  made  by  placing  a  grating  in  front  of 
the  object  glass  of  a  telescope,  and  thus  obtaining  short  spectra  of  stars." 
— The  Observatory. 

Journal  de  r Industrie  Photographique  suggests  a  method  for  develop- 
ing photographic  plates  in  full  light.  Developing,  washing  and  fixing  are 
carried  on  in  boxes  having  red  glass  sides;  plates  are  transferred  from  box 
to  box  by  means  of  taps. 

Mr.  Gabriel  Lippmann  has  brought  before  the  Paris  Academj'  of  Sci- 
ences photographs  of  the  spectrum  in  which  all  the  colors  appear  with 
their  exact  tones.  The  photographs  are  permanent,  exposure  to  light  and 
air  producing  no  apparent  effect  upon  them.  The  following  statements  are 
made  b}' M.  Lippmann  in  the  Photographic  Times  of  March:  "The  sensi- 
tive coat  (on  the  photographic  plate)  must  be  continuous;  that  is  to  sa5% 
that  the  sensitive  matter  must  be  distributed  in  a  state  of  division  as  it 
were  infinite,  in  a  transparent  support  such  as  gelatine,  albumen,  or  collo- 
dion. In  general  the  bromides  of  commerce  form  much  too  heavy  an  emul- 
sion for  employment.  The  nensitive  coat  nlust  be  placed  against  a  reflecting 
surface.  For  this  purpose  it  is  fixed  during  the  exposure  in  a  hollow  frame 
containing  mercury,  which  forms  a  plane  mirror  in  contact  with  the  sensi- 
tive coating.  The  exposure  is  made,  then  the  development,  finally  the  fixing, 
followed  by  washing  in  the  ordinary  manner  with  hyposulj)hite  of  soda,  or 
cyanide  of  potassium.  The  plate  has  been  exposed  dry  and  the  colors  ap- 
pear there  when  it  again  becomes  dry.  The  theory  of  the  experiment  is 
very  simple — the  incident  rays  forming  the  image  in  the  camera  interfere 
with  the  rays  reflected  by  the  mercury ;  there  results  in  the  interior  of  the 
sensitive  coat  a  series  of  fringes  of  interference,  that  is  to  sixy,  of  maximums 
of  light  separated  by  entirely  obscure  minimums.  Only  the  maximums 
imprint  the  plate;  the  photographic  operations  terminated,  they  are 
marked  by  a  series  of  transparent  coats  of  silver  reduced,  separated  by 
the  interval  itself  which  separated  two  maximums,  that  is  to  say,  equal  to 
a  half  length  undulation.  .  .  .  Seen  by  trans])arcncy  the  clich(5  is  negative, 
that  is  each  color  is  re])laced  by  its  comj)Ienientary  color — green  b}'  red, 
red  by  green,  etc.  I  have  already  found  that  the  colors  of  the  clichd  may 
remain  with  impunity  exposed  cither  to  the  light  of  day  or  to  the  concen- 
trated rays  of  a  powerful  electric  arc." 

The  Ivnglish  of  the  above  translation  is  not  verj'  choice;  but  we  prefer 
to  let  it  Htand  as  it  is. 

At  the  Lick  Observatory  Jupiter  was  jjhotogrnplu'd  on  thirty-three 
nights  iK'twecn  July  l-i  and  November  3,  1H{H). 

Mr.  Isaac  Kolx-rts  concludes  from  |)li()t()gr.'i])lis  taken  oti  ten  different 
nights  that  the  nucleus  in  the  Great  Nebula  in  Andromeda  is  variable. 

Pboto/frnphy  of  the  Solar  Prominences.  A  useful  pajjcr  on  the  pho- 
topfrnphy  of  the  solar  prominences  will  be  found  in  Technology  Quarterly, 
Vol.  3,  No.  4,  November  IKDO,  from  the  pen  of  George  Iv.  Ilale,  Kenwood 
Physical  Obsrevatory,  Chicago,  111. 
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Barnard's  Photograph  of  the  Milky  Way.— In  No.  492,  Vol.  21  of  the 
Photographic  Times  of  New  York  (Feb.  20)  will  be  found  a  reproduction  oi 
a  photograph  of  a  portion  of  the  Milkj'  Way  by  E.  E.  Barnard,  of  Lick  Ob- 
servator_v,  and  a  descriptive  article  accompanying  the  same.  The  negative 
was  taken  Aug.  1,  1890,  with  a  six-inch  portrait  lens,  and  the  position  of 
the  center  of  the  lecture  is  right  ascension  17**  55"',  and  south  declination 
28°.  The  exposure  was  three  hours  and  seven  minutes.  The  important  feat- 
ure that  is  claimed  for  the  superiority  of  the  Lick  photographs  of  the  Milky 
Way  is  that  they  show  the  structure  of  it  better  than  any  other  means  of 
study.  It  is  believed  by  astronomers  that  a  better  knowledge  of  the  Milky 
Way  will  give  the  key  to  the  structure  of  the  Universe,  and  this  is  the  place 
to  begin  severe  and  exhaustive  study.  By  the  use  of  the  telescope  with 
high  power  the  details  of  a  field  large  enough  to  give  knowledge  of  the 
structure  are  lost.  The  massing  of  stars,  the  cloud-like  forms  and  wonder- 
ful nebular  structure  almost  wholly'  disappear.  It  is  on  this  account  that 
the  portrait  lens  of  larger  field  has  been  tried  with  surprising  results  when 
the  best  quality  of  sensitive  plates  have  been  used  in  long  exposures.  It 
will  be  of  interest  to  our  readers  to  know  that  copies  of  one  of  these  beau- 
tiful pictures  can  be  obtained  from  the  Photographic  Times,  423  Broome 
St.,  New  York  City,  at  the  small  price  of  25  cents  per  copy. 


Edmund  J.  Spitta's  Recent  Papers.  We  are  sorry  that  we  have  been 
unable  to  find  space  for  some  valuable  pajiers  by  Edmund  J.  Spitta  of  Eng- 
land which  the  author  has  had  the  kindness  to  send  us  recently.  We  men- 
tion the  titles  of  them  that  American  readers  may  avail  themselves  of  cop- 
ies from  other  sources. 

"Some  Experiments  relating  to  the  method  of  obtaining  the  Co-efl5cient 
of  Absorption  of  the  wedge  photometer." 

"Some  experiments  relating  to  the  photometric  comparison  of  points  of 
light  with  objects  of  sensible  area,"  and 

"  On  the  appearance  presented  by  the  satellites  of  Jupiter  during  transit, 
with  a  photometric  estimation  of  their  relative  albedoes  and  of  the  amount 
of  light  reflected  from  the  different  portions  of  an  unpolished  sphere." 


Baron  D' Engelhard t' s  Private  Observatory.  We  have  recently  received 
two  fine  volumes  of  observations  made  by  Baron  D'Engelhardt  in  his  pri- 
vate Observatory  at  Dresden.  The  first  volume  was  published  in  1886,  and 
contains  descriptions  of  the  Observatory  and  instruments  and  observations 
of  comets;  planets,  nebulae  and  star-clusters  made  with  a  twelve-inch  equa- 
torial and  filar  micrometer.  It  is  illustrated  by  four  large  engravings  of  the 
building  and  instruments.  The  second  volume  was  published  in  1890,  and 
contains  the  results  of  four  years*  observations,  all  made  bj'  the  Baron  him- 
self with  the  twelve-inch  Grubb  refractor,  comprising  observations  of  the 
satellites  of  Saturn,  comets,  asteroids,  the  Bradley  stars,  a  list  of  twenty- 
one  double  stars  selected  by  O.  Struve,  a  number  of  comparison  stars  for 
Comet  1862  III,  and  203  nebulae  and  star-clusters.  All  of  these  are  micro- 
metrical  measurements  of  a  good  degree  of  accuracy  and  afford  a  large 
amount  of  very  valuable  material  for  the  study  of  the  motions  of  the 
heavenly  bodies. 
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Some  Thoughts  on  Subjects  Astronomical  is  the  title  of  a  recent  pam- 
phlet of  58  pages  b}- John  Romains,  S.  S.  C.  vScot.  of  Scotland.  It  is  a  resu- 
me of  the  important  facts  of  astronomy  stated  in  a  clear  and  direct  way, 
and  well  suited  to  popular  readers. 


Annual  of  the  Rcyal  Observatory  of  Brussels.  The  Annual  for  1891 
of  the  Royal  Observator}*  of  Brussels,  by  F.  Folic,  Director,  has  been  re- 
ceived. 


Annual  of  the  National  Observatory  of  Tacubaya,  Mexico,  has  reached 
our  table.  This  is  volume  XI  and  is  for  1891.  This  work  is  under  the 
Directorship  of  Felipe  Valle. 


BOOK  NOTICES. 


The  Geometry-  of  Position,  by  Robert  H.  Oraham,  author  of  Graphic  and 
Analytic  Statics.  London  and  New  York,  Messrs.  Macmillan  &  Co., 
Publishers,  1891,  pp.  192. 

So  far  as  we  know  there  is  no  work  in  English  devoted  to  this  interest- 
ing science  of  the  geometry  of  position,  as  it  is  called  by  French  and  Ger- 
man writers,  unless  we  except  Salmon's  Conic  Sections  and  Higher  Plane 
Curves,  which  present,  in  certain  chapters,  a  similar  set  of  problems.  The 
analytic  method  used  by  Salmon,  it  is  claimed,  is  ill-suited  to  make  promi- 
nent the  useful  aspects  of  the  subject,  or.  to  illustrate  fully  the  beauty  and 
elegance  of  projective  geometrical  methods.  Cnmot  published  a  work  on 
the  geometry  of  position  at  the  beginning  of  this  century.  Since  that  time 
this  branch  has  been  develojied  by  Poncelet,  Standi,  Steiner,  Cremona  and 
others,  and  the  graphic  idea  has  grown  in  prominence.  On  this  account 
the  study  of  geometry  of  position  has  been  made  compulsory  in  the  Federal 
Polytechnic  of  Zurich,  in  Strasburg  University  and  other  continental  insti- 
tutions. The  tendency  of  later  writers  seems  to  be  to  make  the  study  of  the 
geomctr}'  of  position  an  introduction  to  lessons  on  graphic  studies.  The 
author's  experience  in  reading  Culman's  Graphic  Statics  is  in  the  same  di- 
rection, and  hence  lie  was  led  to  jirepare  the  work  l)cfore  us,  for  the  advan- 
tage of  students  who  wish  ])rcpnration  in  such  studies. 

An  idea  of  the  plan  of  the  work  nuiy  be  gathered  from  the  subjects  dis- 
cussed. They  arc  six  in  numljer,  with  titles  as  follows:  Anharmonic  Pencils 
and  Ratios,  Projective  Conies,  Reciprocal  Figures,  Centers  of  Gravity,  El- 
lipses of  Inertia  and  Kerns  and  the  Elastic  Line.  Each  theme  is  followed 
by  several  pages  of  examples  illustrative  of  the  line  of  discussion  followed. 
There  is  much  otiii-r  useful  history  to  be  found  in  tlic  books  referred  to  and 
in  the  full  preface  of  this  work,  showing  how  the  geometry'  of  position  has 
come  to  occupy  the  i)rominent  place  in  some  lines  of  study,  that  it  has  re- 
cently ncqiiired.  So  far  as  appears  from  a  cursory  examination  of  this 
book,  it  fills  n  much  needed  place  in  the  relations  idrendy  indicated,  and 
probably  will  interest  American  students  of  mathematics  who  have  given, 
or  wish  to  give  attention  to  such  themes. 


The  Sidereal  Messenger, 

CONDUCTED  BY  WM.  W.  PAYNE. 
Director  of  Carleton  College  Observatory,  Northfielo,  Minn. 

Vol.  10,  No.  5.  MAY,  1891.  Whole  No.  95 


HOW  TO  MAKE  GOOD   MERIDIAN  OBSERVATIONS. 


TRUMAN   HENRY   SAFFORP.* 
For  Thk  Messenger, 

Second  Article. 
Transit  Observations  for  Local  Time. 

With  a  portable  transit  of  two  inches  (French)  in  aper- 
ture local  time  can  be  determined  with  all  the  accuracy 
needful.  If  there  are  any  exceptions  they  apply  only  to  the 
highest  class  of  telegraphic  longitude  work;  in  which,  how- 
ever, an  aperture  of  2V^  inches  (French)  is  amply  sufficient. 

With  the  smaller  instrument  mentioned  a  power  of  70  is 
easily  applicable;  and  if  everything  is  in  good  order,  and  the 
chronographic  method  is  used,  the  probable  error  of  a  time 
determination  from  six  stars  need  not  exceed  ±  0^04<  or 
±  0^05,  all  elements  included,  even  variability  of  personal 
equation.  So  that  the  employment  of  larger  instruments  is 
not  necessary ;  their  use  may  be,  up  to  a  certain  point,  a  con- 
venience. 

But  the  excellence  of  the  striding  or  hanging  level  must 
not  only  be  guaranteed  by  the  maker's  reputation,  but  by 
careful  investigation.  Levels  are  apt  to  change  their  curva- 
ture, either  really  or  apparently ;  and  very  embarrassing  con- 
sequences may  ensue.  This  Observatory  has  a  Troughton  & 
Simms  level  belonging  to  a  disused  instrument,  which  is 
more  than  half  a  century  old.  But  when  put  on  the  level 
trier  which  I  use  for  students'  practice,  it  never  fails  to  ex- 
hibit its  admirable  qualities  as  completely  as  when  it  was 
first  made;  certainly  I  know  no  better  level  tube  of  that  age. 
If  it  were  to  be  used  in  the  Observatory,  exposed  to  air  cur- 
rents, I  should  have  it  mounted  in  a  newer  waj' ;  but  that 
does  not  detract  from  the  conclusion  that  the  tube  itself  is 
unharmed  by  its  long  existence. 

*  Professor  of  Astronomy,  Williams  College,  Williamstown,  Mass. 
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-  . 

Sometimes  I  have  met  the  suggestion,  both  in  print  and 
conversation,  that  observations  for  time  might  be  reduced 
without  any  reference  to  the  vertical.  This  is  so  absurd  as 
to  be  hardly  worth  mentioning.  Of  course  the  fallacy  lies 
(as  one  can  show  either  by  geometr\'  or  analysis)  in  the  fact 
that  we  thus  get  the  clock-correction  for  an  unknown  meri- 
dian, distant  from  the  place  of  observation  by  /  sec  c?  in  long- 
itude, or,  in  other  words,  about  100  linear  feet  for  ever}-  sec- 
ond of  arc  in  the  level  correction.  A  least  square  solution 
shows  this  by  the  nullity  of  the  last  divisor.  The  computer 
who  mentioned  the  possibility  of  such  a  least  square  solu- 
tion which  would  give  a  clock  correction  without  leveling, 
had  probably  made  such  errors  in  his  computation  that  his 
last  divisor  came  out  unequal  to  zero.  The  very  skillful  as- 
tronomer who  suggested  this  as  possible  in  a  published 
memoir  was  in  all  probability  merely  thoughtless.  But 
some  levels,  as  before  indicated,  break  down  utterly.  This  is 
possibly'  a  consequence  of  physical  or  chemical  changes  in- 
side the  tube.  In  some  cases  impurities  in  the  ether  dissolve 
particles  of  the  glass,  loosen  other  particles,  and  the3'  make 
the  bubble  sluggish  by  adhesion;  and  the  cases  in  which  I 
have  noticed  bad  levels  have  been  comparativelj'  very  nume- 
rous. In  reducing  observations  (not  my  own)  for  latitude 
by  the  zenith  telescope  I  have  sometimes  found  that  the  ap- 
parent level-corrections  seemed  to  have  nothing  at  all  to  do 
with  the  observations.  That  is,  the  vertical  axis  of  the  in- 
strument was  probably  pretty  accurately  adjusted;  but  as 
the  instrument  was  turned  about  the  level  bubble  moved  b^' 
jerks,  or  in  some  very  irregular  way,  so  that  the  axis  itself 
was  steadier  than  the  level;  at  least  the  omission  of  the 
level-corrections  improved  the  latitude.  The  latest  German 
zenith  telescopes  have  two  attached  levels.  In  this  case  if 
one  breaks  down  the  probable  errors  of  the  Intitiulcs  will  at 
once  show  which  is  the  defective  one. 

Hut  for  an  ordinary  transit-level,  a  simple  level-trier  af- 
fords an  excellent  and  readily  applied  control.  The  larger 
instruments  need  more  complicated  level-triers ;  or  else  the 
dismounting  of  the  glass  tube.  Professor  Bruns  of  Leipsic 
has  had  constructed  a  large  and  fine  level-trier  (at  a  good 
deal  of  expense,  I  presume)  by  which  to  test  the  level  of  his 
meridian  circle  without  taking  it  apart ;  but  this  is  hardly 
prfi<»i<'*1»l«-  in  onlinnry  oases. 
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The  first  maxim,  then,  of  the  observer  who  is  determining 
absolute  time  is  to  look  sharply  after  the  level, 

A  portable  transit  of  any  size  ought  to  be  reversed 
smoothly  enough  not  to  change  its  azimuth.  In  such  cases 
the  collimation  can  be  obtained  in  two  nearly  independent 
ways.  The  close  polars  will  give  it,  without  much  depend- 
ence on  the  accuracy  of  the  clock,  on  the  assumption  that 
reversal  does  not  change  the  azimuth,  and  the  stars  near  the 
zenith  will  give  it,  without  much  dependence  on  the  stability 
in  azimuth,  on  the  assumption  that  the  clock  rate  is  regular. 

If  the  instrument  is  but  newly  put  up  at  a  distant  station, 
it  is  safer  to  rely  upon  a  good  time-piece  than  upon  its  fixity ; 
the  freshness  of  the  cement  in  the  piers  is  sometimes  apt  to 
lessen  the  stability. 

The  continental  astronomers  usually  determine  the  collim- 
ation (for  longitude  observations)  by  reversal  on  a  slow- 
moving  star;  taking  some  wires  in  the  one  position,  and 
some  in  the  other.  This  requires  very  good  spider-lines,  such 
as  are  inserted  b^'  the  Repsolds;  or  a  glass-scale  fineh*  ce- 
mented to  the  instrument ;  it  also  assumes  great  stability ; 
and  the  assumption  is  usually  warranted. 

On  the  other  hand  the  Coast  Survey  oflficers  depend  almost 
entirely  upon  the  time  stars  for  their  collimation ;  and  do 
not  assume  the  identitj'  of  the  azimuths  before  and  after  re- 
versal. I  have  elsewhere  given  reasons  for  thinking  it  best 
to  observe  few  stars  below  pole  or  south  of  the  equator  in 
determining  longitude. 

About  one  star  near  the  pole  to  three  or  four  near  the  zen- 
ith gives  for  our  latitudes,  the  best  practical  l)alance,  and 
the  maximum  of  weight  in  proportion  to  the  time  spent  in 
observing.  If  stars  near  the  zenith  only  are  observed  for 
time,  the  result  of  the  final  solution  is  apt  to  show  a  dimin- 
ished weight  owing  to  uncertainty  in  azimuth,  or,  in  other 
words,  it  becomes  difficult  to  make  the  best  selection  of  stars 
for  the  purpose. 

Every  complete  time  determination  where  exact  results  are 
required  should  be  made  partly  in  each  of  the  two  reversed 
positions  of  the  instrument ;  and  it  is  a  good  rule  to  select 
such  combinations  of  stars  that  if  it  clouds  up  before  revers- 
al the  evening's  work  will  not  be  lost  from  want  of  either 
polars  or  time-stars  in  the  one  position ;  as  the  collimation 
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can  usually  be  obtained,  if  need  be,  by  interpolation  or  re- 
versal on  a  terrestrial  mark. 

The  security  of  a  time  determination  to  a  few  hundredths 
of  a  second  depends,  however,  mainly  upon  exact  and  critic- 
al knowledge  of  the  particular  instrument.  This  can  best  be 
obtained  by  experience  with  it.  A  great  many  longitude  ob- 
servations in  this  country  have  been  far  less  accurate  than 
they  need  have  been,  from  want  of  this  precaution.  A  little 
experience  may  here  illustrate  the  principle.  In  determining 
the  longitude  of  Evanston,  Wyoming,  for  the  purpose  of  es- 
tablishing the  southwest  corner  of  the  territory,  I  had  an  in- 
strument of  rather  light  construction  and  poorly  mounted. 
But  it  had  just  been  employed  in  the  prime  vertical  to  deter- 
mine latitudes  on  the  parallel  of  41°  at  about  six  stations; 
and  the  very  skillful  observer  who  had  used  it,  and  who  was 
to  take  one  end  of  the  longitude  work,  exchanging  stations 
with  myself  in  the  middle  of  the  series,  had  learned  its  pecu- 
liarities and  how  to  counteract  them.  The  chief  trouble  was 
that  the  plank,  not  very  well  seasoned,  on  which  the  instru- 
ment rested  "curled  up"  in  the  daytime  from  the  heat  of  the 
air,  and  at  night  gradually  became  flatter.  Hence  we  took 
care  to  divide  our  stars  into  small  groups  of  three  or  four,  a 
polar  and  two  or  three  time  stars,  and  to  reverse  and  adjust 
the  level  between  groups;  working  as  rapidly  as  possible. 
This  threw  the  greater  strain  upon  the  star  catalogues.  I 
had,  fortunately  arranged  the  prime  vertical  list  according 
to  Bessel's  method,  east  and  west  stars  alternately,  but  not 
waiting  for  the  west  transit  of  the  same  star  observed  in  the 
east;  so  that  the  method  used  in  the  prime  vertical  where 
the  same  instrumental  peculiarity  had  shown  itself,  was 
quite  adequate  to  the  problem.  Both  the  latitudes  and  the 
longitude  were  found  quite  needlessly  accurate,  as  the  con- 
tractor's topographical  work  was  far  from  carefully  done. 
The  astronomical  work  was  nearly  as  good  as  if  the  transit 
had  been  fur  better.  This  happened  nearly  twenty  years 
ago.  Since  that  time  the  improvements  in  portable  instru- 
ments, and  (probably)  the  actual  stock  of  good  transits  in 
the  country  have  rendered  it  unnecessary  to  employ  bad 
ones  any  longer. 

Tlicre  arc  many  extant  transits  whose  true  place  is  in  the 
class-room  to  exemplify  the  general  form  of  the  instrument, 
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or  properly  hung  up  in  an  astronomical  museum  of  antiqui- 
ties. 

In  teaching  practical  astronomy  the  first  instrument  em- 
ployed is  usually  the  portable  transit.  It  is,  on  the  whole, 
quite  as  well  to  use  a  rather  small  one;  Bessel's  Repsold 
transit,  with  which  he  determined  latitudes  in  his  arc  of  the 
meridian,  has  an  aperture  of  21  lines  French,  or  less  than  2 
inches  English.  Such  an  instrument  has  to  be  very  delicate- 
ly handled ;  and  if  the  pupil  is  worth  teaching  at  all,  he  will 
thus  gain  in  the  carefulness  of  his  manual  work,  and  be  also 
very  apt  to  get  as  good  results  as  if  he  had  a  larger  transit 
to  practice  with.  In  this  way  he  learns  to  use  the  larger  in- 
struments with  equal  care  and  delicacy;  and  so  to  get  excel- 
lent results. 

I  also  think  very  highly  of  the  eye-and-ear  method  as  a 
means  of  training,  and  usually  require  pupils  to  use  that 
some  months  before  employing  the  chronograph.  The  care- 
ful reduction  of  eye-and-ear  and  chronographic  observations 
on  different  stars  will  serve  to  indicate  how  far  the  pupil  has 
acquired  constancy  of  personal  equation. 

The  first  thing  to  be  learned  in  transit  practice  is  to  per- 
form the  series  of  operations  involved  in  "taking  time  "in 
proper  order  and  without  hurry.  Then  follows  the  exact 
judgment  of  fractions  (in  eye-and-ear  work)  or  of  the  in- 
stant of  transit  in  chronographic;  then  the  insertion  of  level 
readings  and  reversals  at  the  right  time;  and  lastly  practice 
for  the  purpose  of  making  the  personal  equation  (which 
greatly  depends  upon  sub-conscious  mental  processes)  more 
nearly  constant.  Novitiate  astronomers  are  usually  too 
anxious  about  their  single  wires,  and  need  to  be  especially 
cautioned  that  this  is  not  the  critical  matter.  The  pupil  will 
probably  have  learned  the  preliminaries  of  measurement  (es- 
timation of  tenths,  etc.)  in  the  physical  laboratory,  or  with 
the  level  and  level  trier.  The  instructor  must  at  first  ar- 
range the  programme  of  stars.  But  above  all  things  let  the 
student  avoid  hurry ;  let  him  go  slowly  at  first  and  increase 
his  pace  by  well-arranged  exercises,  little  by  little. 
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A  PAIR  OF  ANCIENTS. 


C.  C.  HUTCHIXS 


For  The   Messenger. 

I  have  among  1113'  possessions  two  astronomical  instru- 
ments whose  age  fairly  entitles  them  to  a  measure  of  respect- 
ful notice.  The  first  is  a  telescope — a  Gregorian  reflector; 
about  eighteen  inches  long  by  two  and  a  half  in  diameter. 
The  tube  is  of  heavy  brass  covered  with  black  leather,  now 
much  worn,  and  on  the  e\'e-tube  is  engraved:  "A".  Mann, 
Ludgate  Street,  London,  1749. 

It  seems  to  have 
been  just  such  an 
instrument  that 
the  elder  Herschel 
loaned  and  used 
in  his  earliest  ob- 
servation ;  but  it  [^ 
was  twenty-five  A 
j-ears    later  than 

the  above  date  before  he  had  his  first 
telescope. 

Age  has  detracted  very  little  from 
the  powers  of  this  telescope;  the  pol- 
ish of  its  mirror  is  nearly  perfect,  and 
the  definition  with  its  power  of  thirty 
is  beautifully  sharp. 

Thesecondis  n  (|u.'i(]r.'mt  for  findiim 
latitude  at  sea. 

It  is  the  instrument  invented  or,  at 
least,  greatly  im])roved  by  John 
Davis,  discoverer  of  Davis*  Strait,  and 
was  first  described  by  him  in  his  book 
of  1594.  The  picture  and  following 
description  from  Selles's  Navigation, 
1699. 

The  parts  of  this  instrument  are 
principally  three  Vanes,  find  two 
Arches,  which  Arches  together  con- 
tain 90  degr<c<.  .mikI  give  it  tli'i'Tof. 
a  cputdrant 


Till'.    T'ir.i  ki:    or    TIlK    L>'  '*" 

HANT     .\\l>   MAN.M;K  HI' 
OllSI-.KVATION. 


li''  (U-iK  >iiiin,'i  I  ioii   of 
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Of  the  three  Vanes.  That  which  in  time  of  observation 
respects  the  horizon,  in  this  annexed  figure  represented  b\'  A, 
is  called  the  horizon-vane;  that  which  gives  the  shadow 
noted  by  B,  is  named  the  shadow-vane;  and  that  through 
which  you  are  to  look  for  both  shadow  and  horizon,  distin- 
guished with  C,  is  called  the  sight-vane. 

Of  the  Arches.  The  lesser  noted  with  de,  is  named  the 
sixty-arch  because  it  contains  but  60°,  it  is  of  small  radius 
(advisedly  so  contrived)  for  the  more  apt  placing  of  the 
Vane  B  thereon,  that  the  shadow  thereof  falling  upon  the 
horizon-vane  A,  at  this  short  distance  might  become  the 
stronger  and  the  more  perspicuous  to  the  eye  of  the  ob- 
server. The  greater  Arch,  here  denoted  by  the  letters  fg,  is 
called  the  thirty-arch,  etc. 

Rude  as  this  device  seems,  it  was  the  best  in  existence  until 
as  late  as  1740,  when  it  was  superseded  by  Hadley's  quad- 
rant. 

The  instrument  in  my  possession  is  made  of  rosewood  and 
boxwood,  is  of  very  fine  workmanship,  tastefulh'  carved. 
With  its  aid,  after  a  little  practice,  I  have  been  able  to  get 
the  sun's  altitude  correct  within  one  or  two  minutes;  so 
that  with  fairly  good  solar  tables  the  navigator  should 
have  been  sure  of  his  latitude  within  five  miles. 
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S.  W.  B^TRXHAM.^ 
Fob  the  Mksse.ngkk. 

This  pair  has  been  under  observation  since  1873.  The 
duplicity  of  the  large  star  was  discovered  with  the  6-inch 
telescope  in  August  of  that  year,  but  the  measures  commence 
in  1874,  and  with  the  exception  of  1879,  when  the  dis- 
tance was  about  minimum,  it  has  been  measured  ever\' 
year  since.  It  was  very  soon  apparent  from  the  measures 
that  this  pair  was  in  rapid  motion,  and  likely  to  prove  an 
interesting  binary-. 

Three  orbits  have  been  computed  for  this  pair;  the  first  by 
Dubjago  in  1884,  who  found  a  period  of  26.07  years;  the 
second  by  Gore  in  1885  with  a  period  of  30.91  years;  and 
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the  third  by  Celoria  in  1888  giving  a  period  of  16.95  years. 
It  is  evident  that  the  last  period  is  considerably  too  short, 
as  the  time  has  already  elapsed,  and  the  companion  has  still 
some  fifty  degrees  of  position-angle  to  pass  over  to  reach  the 
place  it  occupied  in  1874. 

I  have  platted  the  best  available  measures,  and  after  re- 
peated trials,  drawn  an  ellipse  through  these  observed  posi- 
tions which  would  best  represent  them,  and  make  the  areas 
described  substantially  proportional.  The  observations  are 
fairly  accordant  when  the  closeness  and  difficulty  of  the  pair 
is  considered,  and  the  corrections  necessary  are  compara- 
tively small. 

The  ellipse  shown  gives  a  period  of  about  28V2  years,  and 
that  certainly  cannot  be  far  from  the  actual  time  of  rota- 
tion. The  measures  of  the  next  few  years  will  give  addi- 
tional data  for  a  very  accurate  determination  of  the  period  ; 
and  during  this  time  it  will  be  easy  to  measure.  The  dis- 
tance will  not  be  less  than  0''.6. 

Lick  Observatory,  March  19. 


IS  IT  PROBABLE  THAT   ANY     PLANET   OF  THE    SOLAR    SYSTEM 

ROTATES  ON   ITS  AXIS  IN  THE  SAME   TIME  AS   ITS  PERIOD 

OF  REVOLUTION  AROUND  THE  SUN? 

PROFESSOR  GEORGE  W.  COAKLEY* 
For  The  Mksse.ngbr. 

It  is  known  that  the  moon  rotates  on  her  axis  in  the  time 
in  which  she  makes  a  sidereal  revolution  around  the  earth, 
and  that  the  cause  of  this  identity  of  the  rotation  and  revo- 
lution periods  is  the  elongation  of  the  moon's  diameter 
pointed  towards  the  earth.  This  elongation  is  supposed  to 
have  been  produced  by  the  earth's  attraction  at  the  time 
when" the  moon  was  in  a  fluid  condition,  and  is  entirely  sim- 
ilar to  the  tendency  towards  such  an  elongation  produced 
by  the  tidal  action  of  the  moon  and  sun  upon  the  waters  of 
the  earth. 

Recently  Professor  Schiaparelli,  the  distinguished  Italian 
astronomer  has  announced  that  the  planets,  Mercury  and 
Venus,  appear  to  rotate  on  their  axes  in  their  periods  of  rev- 
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to' 


olution  around  the  sun.  If  this  is  the  case  it  must  be  due  to 
a  tidal  elongation  of  the  diameters  of  these  two  planets  to 
wards  the  sun,  produced  b^'  his  attraction  on  their  figures  of 
equilibrium  in  the  same  wa\'  as  the  earth  has  acted  on  the 
moon. 

To  test  the  probability  of  such  an  action  of  the  sun  on  the 
figures  of  equilibrium  of  these  planets,  the  following  approx- 
imate computations  have  been  made  with  regard  to  the 
earth's  tidal  disturbing  forces  on  the  moon  when  in  a  fluid 
state,  and  of  the  similar  tidal  forces  of  the  planets  Jupiter, 
Saturn,  Uranus  and  Neptune  on  their  satellites,  and  then  of 
the  tidal  forces  of  the  sun  on  the  earth  and  on  Jupiter  when 
they  were  fluid,  and  lastly  of  the  tidal  forces  of  the  sun  on 
the  planets,  Venus  and  Mercury,  in  a  similar  condition  of  flu- 
idity. 

An  approximate  computation  of  these  several  tidal  forces 
will  be  suflicient  for  this  purpose,  as  was  ascertained  bj'  the 
more  exact  process  employed  in  the  paper,  "On  the  Stability 
of  the  Rings  of  Saturn  published  in  Nos.  80  and  81  of  The 
Sidereal  Messenger.  The  numerical  data  for  the  several 
planets  and  satellites  will  be  taken  from  the  "Text-Book  of 
General  Astronomy,"  by  Professor  Charles  A.  Young,  of 
Princeton  College. 

Let  a  =■  the  mean  distance  of  a  satelHte  from  its  primary 
planet,  or  the  mean  distance  of  a  planet  from  the  sun  ;  and 
let  r  =  the  radius  of  the  satellite,  or  the  radius  of  the  planet. 
Also  let  m  =■  the  mass  of  the  planet  attracting  its  satellite, 
or  the  mass  of  the  sun  attracting  a  planet.  The  masses  will 
all  be  expressed  in  terms  of  the  earth's  mass,  as  the  unit,  and 
the  radii  and  distances  in  miles.  The  unit  of  attractive  force 
will  then  be  the  value  of  the  acceleration  that  might  be  pro- 
duced by  the  earth  at  one  mile  from  its  center,  if  the  whole 
mass  of  the  earth  were  concentrated  at  this  center. 

The  attraction  of  a  ])lanct  for  its  satellite,  or  of  the  sun  for 

a  planet,  at  its  center,  will  be  expressed  by       ,  . 

At  the  nearest  point  of  the  satellite  to  its  primary,  or  of  a 
t)lftnet  to  the  Sim,  the  .'ittraction  will  hi'  ;  .ind  at  the 

larthcst  point  ot  the  satellite,  or  planet,  it  will  be  7 — r  ~  a 
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Let  ^  =  the  difference  of  attraction  on  the  nearest  point, 
and  on  the  center  of  the  satellite  or  planet ;  and  let  ^  =  the 
difference  of  attraction  on  the  center  and  on  the  farthest 
point  of  the  satellite  or  planet.  The  disturbing  force,  /[, 
tends  to  draw  away  the  nearer  portions  of  the  satellite,  or 
planet,  from  the  center;  and  the  force,  /^,  tends  to  draw 
awaj^  the  center  from  the  farthest  portions  of  these  bodies; 
or,  what  is  equivalent,  the  force,  f,  acts  as  though  \t  re- 
pelled these  remote  portions  from  the  center. 

Regarding  both  these  forces  as  positive  quantities,  it  is  evi- 
dent that 


Hence 


Let  fi  = 
ai- 
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a- 

The  first  power  of /^  within  the  parentheses  will  be  a  suffi- 
cient   approximation    for    the    investigation    proposed,    as 

/- 
fi  =         is  alwavs  a  small  fraction.     Hence  the  above  form- 
a 

iilfc  may  be  written  : 

/i  =  -2/«^(l+4/^)j 
a  I 

(A). 


a- 

The  first  inference  from  these  formula;  is,  that  f^  is  alwaj's 
greater  than  /;;or  that  the  nearer  portions  of  the  satellites 
or  planet  are  alwav's  pulled  forward  more  than  the  remoter 
portions  are  pushed  back.  The  center  of  gravity  of  the  at- 
tracted body  must  therefore  be  transferrd  to  some  point 
within  the  hemisphere  nearest  to  the  attracting  body.  The 
transference  of  the  centre  of  gravity  towards  the  attracting 
body,    together    with    the    amount    of  elongation    of  the 


220 


The  Sidereal  Messenger. 


diameter  towards  the  source  of  attraction,  are  the  causes  of 
the  co-incidence  of  the  periods  of  rotation  and  of  revolution. 

Let  us  now^  see  how  large  these  forces,  f^  and  ^,  are  in  the 
case  of  a  fluid  moon  attracted  by  the  earth,  and  in  the  cases 
of  the  satellites  of  Jupiter,  Saturn,  Uranus  and  Neptune,  and 
in  the  cases  of  the  sun's  attraction  of  the  different  planets. 

In  the  case  of  the  earth  and  our  moon,  r  =  1081  miles  ^ 
the  moon's  radius,  and  its  mean  distance,  a  =  238,840  miles, 
according  to  Professor  Young.  Taking  the  earth's  mass  as 
a  unit,  2m  =  2. 


0.00452604,    p  =  0.00678906 
1  —  |yS  =  [1.997042] 
^^1- =  [13.200535] 
I  —  [f3. 197577] 


.•.r=  [3.033826] 
a  =  [5.378107] 

.-.,5  =  [3.655719]  - 
2m  =  [0.301030] 

2m,?  =  [  3.956749] 
a'  =  [10.756214; 

^^  =  [13.200535] 
l  +  |yg=[  0.002939] 

/;  =  [13.203474] 

Hence  f, 

f.-f. 


_  0 A 59763) 
~ "      10'^ 

0.157604 

•10'^ 
0.2159 
10'* 


/j  and  /j  are,  approximatel3%  the  measure  of  the  earth's  tidal 
disturbing  forces  on  the  moon's  figure  of  equilibrium ;  and 
their  difference,  f^  —  f,,  is  the  excess  of  the  earth's  attraction 
on  the  nearer  hemisphere  over  that  on  the  remote  hemi- 
sphere, and  measures  approximately  the  degree  of  trans- 
ference of  the  moon's  centre  of  gravity  towards  the  earth. 
These  forces,  approximately,  produce  the  elongation  of  the 
moon's  diameters  directed  toward  the  earth,  the  displace- 
ment of  its  center  of  gravity,  and  thereby  the  co-incidence  of 
its  periods  of  rotation  and  revolution. 

The  same  formula'  applied  in  like  manner  to  Jupiter  and 
his  first  satellite,  with  the  data  from  I'rofessor  Young's  As- 
tronomy, r  —  1250  miles,  a  --■  261000  miles,  m  =  310,  or 
2m  =  632  times  the  earth's  mass,  give 
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0.44750       ^  _  0.44114  Af_f^  Q-636 

Hence  it  appears  that  in  the  action  of  Jupiter  on  his  first 
satellite,  his  disturbing  forces,  f^  and  i^,  on  its  figure  of  equi- 
librium are  more  than  280  times  those  exerted  by  the  earth 
on  our  moon,  and  the  difference  of  his  forces,  for  displacing 
the  satellite's  center  of  gravit3%  is  more  than  290  times  the 
similar  action  of  the  earth  on  the  moon. 

If  the  earth's  action  on  our  moon,  when  it  was  fluid,  was 
great  enough  to  impress  on  our  satellite  a  form  that  should 
cause  its  rotation  and  revolution  periods  to  coincide,  much 
more  could  Jupiter  produce  such  an  effect  on  his  first  satel- 
lite. 

For  Jupiter's  second  satellite  Professor  Young's  data  are 
r  =  1050  miles,  a  =  415000  miles,  2m  =  632.  Hence,  by 
the  same  formulae, 

_  0.93198  _  0.92600         f  _f—  Q-598 

A-       ;,^o'^      '       '~       10»i     '        '        -~    1013 

Here,  also  Jupiter's  disturbing  forces  on  his  second  satel- 
lite's figure  of  equilibrium  are  about  58  times  as  great  as 
those  exerted  by  the  earth  on  our  moon,  and  their  difference 
is  about  28  times  that  of  the  earth  for  displacing  the  center 
of  gravity  of  this  satellite.  The  second  satellite  of  Jupiter 
ought,  therefore,  to  have  also  a  coincidence  of  its  periods  of 
rotation  and  revolution. 

For  the  third  satellite,  the  data  are  r  =  1775  miles, 
a  =  664,000  miles,  2m  =  632.    Hence  by  the  formulas, 

_  0.38472       ^  _  0.38165  Af_f—  0-307 

Here  the  forces  ^  and  ^  are  about  twenty-four  times  those 
exerted  by  the'  earth,  and  their  difference  about  fourteen 
times  the  corresponding  difference  in  the  case  of  the  earth 
and  moon.  Hence  Jupiter's  third  satellite  should  also  rotate 
upon  its  axis  and  revolve  around  the  planet  in  the  same 
time. 

For  Jupiter's  fourth  satellite,  r  =  1480  miles,  a  =  1117000 
miles,  and  2m  =  632.    Hence,  by  the  formulae, 

f  -  Q-58965       ^  _  0.58743  .._._  0.222 

A—     1012   '     - ""     10^^    '  ^^1     A—  101* 
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A  glance  at  the  corresponding  values  for  the  earth  and 
moon  shows  that  these  values,  ^  and  f.,,  for  Jupiter  and  his 
fourth  satellite,  are  between  three  and  four  times  as  great, 
while  the  difference  f^  —  ^  is  nearly  the  same,  though  a  little 
larger  than  in  the  case  of  our  moon.  Hence  all  of  Jupiter's 
satellites  ought,  for  the  same  reason  as  our  moon,  to  rotate 
on  their  axis  in  their  several  periods  of  revolution  around 
him. 

For  Saturn's  satellites,  taking  his  mass  m  —  94.9  that  of 
the  earth,  as  given  by  Professor  Young,  and  the  other  data 
from  his  Astronomy,  the  same  formulcE  give  similar  results 
for  the  first  six  satellites ;  the  disturbing  actions  on  their  fig- 
ures of  equilibrium,  and  their  differences  being  in  each  case 
larger  than  those  of  the  earth's  action  on  our  moon.  Hence 
the  first  six  satellites  should  rotate  in  their  periods  of  revo- 
lution about  the  planet.  For  the  seventh  satellite  of  Saturn 
the  formulae  and  data  give  the  results, 

_  0.58260       ^  _  0.58213  ^r_f_  0.47 

Hence  the  forces,  /[  and  /J,  exerted  by  Saturn  on  his  seventh 
satellite  are  more  than  one-third  of  those  exerted  by  the 
earth,  and  their  difference  is  about  one-forty-sixth  the  corres- 
ponding difference  in  the  case  of  the  earth  and  moon. 

For  Saturn's  eighth  satellite,  the  results  are 

-  _  0.15111        -  _  0^15092       f_f—  019 

'~^      1013'         ^^—  1013        '        ^  -~101« 

The  values  of  f,  and  f,  are  about  one-fifteenth  of  those  ex- 
erted by  the  earth  on  our  moon,  and  the  difference,  fj  —  fj,  is 
about  one  one-hundred  and  fourteenth  of  the  corresponding 
difference  for  the  earth  and  moon. 

These  two  last  satellites  of  Saturn  must  therefore  be  left 
in  doubt  whether  they  have  such  a  figure  of  equili1)rium  im- 
pressed upon  them  as  to  cause  a  coincidence  of  their  ]K'rio(ls 
of  rotation  and  revolution. 

For  the  first  satellite  of  Uranus,  with  the  mass  2m  —  29.4 
i]v>t  '>rthe  earth,  the  formulas  and  data  give 

,  _  0^42668        .  _  0.42402      f_f_  0266 

io«r  •    ^2—     iQii    '   ''     '^  -  101 » 

The  forces  f,  and  f^  arc  more  than  twenty-five  times  as 
great,  and  their  difference  more  than  twelve  times  that  for 
the  earth  and  moon. 
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The  remaining  three  satellites  of  Uranus  exhibit  also  a 
greater  value  of  the  forces  f\  and  fo  and  also  their  difference, 
above  those  for  the  earth  and  moon.  Hence  it  is  probable 
that  these  satellites  all  rotate  on  their  axes  in  their  several 
j^eriods  of  revolution  around  the  planet. 

The  same  law  also  holds  good  for  the  single  known  satel- 
lite of  Neptune,  since  the  computed  values  of  fi  and  f-2  and 
fi  —  fo  are  larger  than  for  the  earth  and  moon.  The  satel- 
lites of  Mars  have  not  been  examined  because  the  values  of 
their  diameters  can  be  considered  as  little  better  than  mere 
guesses. 

This  investigation  makes  it  highly  probable  that  all  the 
satellites  of  the  solar  system,  if  we  except  those  of  Mars, 
and  the  last  two  of  Saturn,  which  are  doubtful,  rotate  on 
their  axes  in  the  periods  respectively  of  their  revolutions 
about  their  primary  planets. 

If  it  be'supposed  that  when  the  planets  were  in  a  fluid 
state,  the  sun  may  have  impressed  upon  them  an  elongated 
form  in  his  own  direction,  as  the  earth  has  done  on  the 
moon,  it  will  be  interesting  to  inquire  what  the  forces  fi  and 
f-2  and  their  differences  fi  —  fj  would  be  in  such  cases,  and  to 
compare  their  values  with  those  produced  by  the  earth  in 
disturbing  the  moon's  figure  of  equilibrium.  To  consider 
first  the  case  of  the  sun's  action  on  the  earth.  According  to 
Professor  Young,  the  radius  of  the  earth  is  r  -  3959  miles, 
a  =  92900000  miles  =  the  earth's  mean  distance  from  the 
sun.  The  sun's  mass  compared  with  that  of  the  earth  as  a 
unit,  gives  2m  =  662200.    Hence,  by  the  formulae  (A), 

0.32701       ^  _  0.32696      ^        .,  _    0.5 

I.  —       -./A, :.-  >     h  —  t. 


These  values  of  fi  and  f.  are  about  the  one-forty-eighth  or 
one-forty-ninth  part  of  those  exerted  by  the  earth  on  the 
moon,  and  their  difference  is  less  than  one-four  thousandth  of 
of  the  corresponding  difference  for  the  moon.  These  results 
are  very  much  smaller  than  the  action  of  Saturn  and  his  two 
most  distant  satellites.  They  may  be  regarded  as  the  meas- 
ure of  the  sun's  impotence  to  produce  such  a  change  of  the 
earth's  figure  of  equilibrium  as  to  compel  a  coincidence  of 
the  two  periods  of  rotation  and  revolution.  It  is  unneces- 
sary to  try  the  case  of  Mars  and  the  sun,  since  r  being  less 
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and  a  being  greater  than  in  the  earth's  case,  it  is  certain 
that  fi,  fo.  and  fi  —  U  will  be  less  for  Mars  than  for  the  earth. 
But  since  r  is  much  larger  for  Jupiter  than  for  any  of  the 
planets,  it  will  be  interesting  to  compare  the  disturbing 
forces  of  the  sun  on  Jupiter's  figure  with  those  exerted  on 
the  earth  and  with  those  of  the  earth  on  the  moon. 

For  Jupiter  Professor  Young  gives  r  =  86500  miles,  a  = 
483300000  miles.    Hence,  by  the  same  formulae, 

.  _  0.50754        _  0.50727      -       .  _  0.27 
*'  ~       1015     '   *2  -       1015     '    *i  -  *2  -  jQlJ 

These  values  are  smaller  than  in  the  case  of  the  sun's  ac- 
tion on  the  earth.  Hence  it  is  not  surprising  that  the  earth 
and  Jupiter  do  not  obey  the  equality  of  the  periods  of  rota- 
tion and  revolution.  It  would  be  useless  to  test  the  cases  of 
the  planets  beyond  Jupiter,  because  r  being  less,  and  a  being 
greater  for  these  than  for  Jupiter,  it  is  certain  that  the  forces 
fi  and  fo,  and  their  difference,  will  be  progressively  less  for 
these  more  distant  planets. 

For  Venus,  r  =:  3850  miles,  a  =  67,200,000  miles,  accord- 
ing to  Professor  Young,  Hence,  by  similar  computations  to 
those  for  the  earth  and  Jupiter,  it  will  be  found  that 

-  _  0.84019     .  _  0.84005      -       .  _ 
^  ~       1014     '  *2  —      j^oi4     '    ii  —  la  - 

The  earth  exerts  on  our  moon  values  of  fi  and  f2 ,  about  19 
times  as  great  as  these  of  the  sun  on  Venus;  and  the  dif- 
ference fi  —  fa  ,  in  the  case  of  the  earth  and  moon  is  about 
1500  times  as  great  as  the  corresponding  difference  for  the 
sun  and  Venus.  These  effects  of  the  sun  on  Venus  are,  how- 
ever, all  of  them  between  two  and  three  times  as  great  as 
those  which  the  sun  exerts  on  the  earth.  There  is  therefore, 
little  probability  that  the  sun's  disturbing  forces  on  the 
figure  of  equilibrium  of  Venus  could  cause  the  periods  of 
rotation  and  of  revolution  of  that  planet  to  coincide. 

For  Mercury,  Professor  Young  gives  r  =  1515  miles,  a  = 
36,000,000.    Hence  by  the  same  formulae 

-  _  0.21504  -  _  ojnjsqi    ^  _  ^  _    3_ 

Compared  with  the  disturbing  forces  of  the  earth  on  the 
moon,  those  of  the  sun  on  Mercury  arc  less  than  one-seventh 
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the  values  of  the  former,  and  the  difference  of  the  forces,  fi  — 
f.,  on  Mercury,  is  less  than  one-seven-hundredth  of  that  pro- 
duced by  the  earth  on  the  moon.  But  compared  with  the 
sun's  action  on  the  earth  the  fi  and  fo  on  Mercury  are  a  little 
more  than  six  and  a  half  times  those  exerted  by  the  sun  on 
the  earth.  The  difference,  fi  —  f.,  of  the  sun's  action  on  Mer- 
cury is  also  six  times  his  action  in  this  respect  on  the  earth. 
It  may  be  doubted  perhaps  whether  the  action  of  the  sun  on 
the  planet  Mercury  would  be  sufficient  to  control  his  figure 
of  equilibrium,  and  the  position  of  his  center  of  gravity,  in 
such  a  manner  as  to  cause  his-period  of  rotation  to  be  iden- 
tical with  that  of  his  revolution  about  the  sun.  The  observ- 
ations of  the  distinguished  Italian  astronomer  are  doubtless 
correct  and  valuable,  but  they  may  perhaps  be  susceptible  of 
of  a  different  interpretation. 


AN   ELEMENTARY   METHOD    FOR    CALCULATING  TRANSITS   OF 
VENUS  AND   MERCURY. 


MILTON  UPDEGRAFF.* 
For  The  Messenger, 

The  convenient  and  accurate  method  of  Lagrange  for  com- 
puting transits  of  Venus  and  Mercury  is  the  one  usually 
employed,  and  the  results  of  its  application  to  the  coming 
transit  of  Mercury  on  May  9th  are  given  on  page  414  of  the 
American  Ephemeris.and  also  on  pages  365-6  of  the  Berliner 
Astronomisches  Jahrbuch  for  1891.  In  each  of  these  books 
are  given  the  times  of  the  contacts  for  the  center  of  the  earth 
and  convenient  formulas  for  computing  the  times  of  contact 
for  any  place  on  the  earth's  surface.  But  the  development 
of  the  general  formulas  by  Lagrange's  method  is  a  rather  ab- 
struse mathematical  process,  and  it  is  the  object  of  this 
paper  to  show  a  way  of  calculating  transits  of  Venus  and 
Mercury  which  may  be  understood  by  any  student  possess- 
ing a  knowledge  of  elementary  astronomy,  plane  trigonom- 
etry and  algebra.  This  can  best  be  done  by  applying  the 
method  to  the  transit  of  Mercury  on  May  9th  of  this  jear. 

We  have  first  to  extract  the  necessary  data  from  the  daily 

*  Director  of  the  Observatory   of  the  State    University  of  Missouri, 
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ephemerides  of  the  sun  and  Mercury  given  on  page  75  and 
222  of  the  American  Ephemeris  for  1891.  The  places  of  the 
sun  and  Mercury  are  given  for  Greenwich  mean  noon,  and 
Greenwich  time  will  be  used  in  the  computation.  By  a 
casual  inspection  of  the  right  ascensions  and  declinations  of 
the  sun  and  the  planet  for  May  7th,  8th  and  9th,  it  will  be 
seen  that  these  bodies  are  moving  in  opposite  directions  and 
approaching  each  other  in  both  co-ordinates.  It  is  evident 
that  they  will  be  nearest  together  at  some  time  on  May  9th. 
We  next  determine  with  accuracy  the  time  when  the  sun  and 
Mercury  are  in  conjunction  in  right  ascension.  To  do  this 
the  following  method  will  be  emploj'ed  which  may  be  found 
in  a  less  extended  form  in  Loomis'  Practical  Astronomy, 
page  210. 

The  right  ascensions  of  the  sun  and  Mercury  are  taken  out 
of  the  ephemeris  for  a  few  days  before  and  after  May  9th 
and  set  in  adjacent  columns  as  below : 

Date  R.  A.  of  R.  A.  of  Sun  —  1st  2nd  3d        4th 

1891  Mercury  Sun  Mercurj'  Diff.  Diff.         Dift".      Diff. 

hmshms  ms  ms  s  s  s 

May     7     3  12  23.4-8     2  56  35.76     +  15   47.72 

—  5    51.88 

8  3  10  24.31  3  0  28.47  +  9  55.84  —5.05 

—  5  56.93         +  2.42 

9  3     8  20.66     3     4  21.75     +     3   58.91  —2.63  +0.01 


—  5   59.56   —1.415  +2.43 


"      10    3     6  14.95    3     8  15.60    —    2      0.65  —0.20  —0.09 

—  5   59.76  +  2.32 
"      11     3     4     9.61     3  12  10.02    —    8      0.41                              +  2.12 

—  5    57.64 

"      12    3     2     6.95    3  16     5.00    —13  58.05  a  bed 

The  difference  of  right  ascensions  of  the  sun  and  Mercury 
are  taken  for  each  day  and  are  set  down  in  the  fourth  col- 
umn. These  differences  of  right  ascension  are  equi-distant 
values  of  a  function  and  we  wish  to  determine  at  what  time 
it  is  zero.  We  know  that  it  must  be  zero  at  some  time  on 
May  9th,  since  on  that  day  it  passes  from  plus  to  minus. 
We  now  take  the  various  orders  of  differences  as  for  interpo- 
lation, but  instead  of  desiring  to  find  the  value  of  the  func- 
tion for  a  certain  time  we  wish  to  iind  at  what  time  the 
function  has  a  certain  value.  For  this  purpose  we  may  use 
any  of  the  algebraic  formulee  for  interpolation  and  will 
adopt  Bcsscl's,  which  is 

at  =  a,-\-tb   +   2 c^ ^ d,etc. 
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Now  at  =  0,  and  neglecting  all  terms  except  the  first  two 

we  have  for  a  first  approximation  t  = ^  • 

Neglecting  only  the  last  term  we  have  as  a  second  approx- 

imation  t  =  ,  and  making  use  of  the  last 

h  —  S-  —  S^     ^« 
"         2         2  '  b 


—  a„ 


term  t 


T  +  -'2  +  'It-7)  +  '4 


In  using  this  last  formula  the  value  of  t  used  in  the  denom- 
inator is  the  value  given  by  the  second  approximation.  The 
values  of  b,  c  and  d  are  the  differences  between  the  horizon- 
tal Hues  in  the  table  and  a^  =  +  3'"  58^91. 

By  the  third  approximation  the  value  of  t  is  0.664844? 
days  =  15''  57'"  22*. 5,  which  is  the  time  of  conjunction  in 
right  ascension  on  May  9th.  The  following  data  are  inter- 
polated from  the  Ephemeris  for  this  time  using  2d  and  3d 
differences  when  necessary : 

R.  A.  of  sun  and  Mercury,  3/i  6m  57.2s  Hourly  motions  +  2'  26".22,  —  1'  18".51 

Declination  ot  Mercury  +  17°  18' 0".5  Hourly  motion   —1      6  .68 

Declination  of  sun  +17    32   1   .3  Hourly  motion    +        39   .53 

Eq.  Hor.  Parallax  of  sun  8   .75  Semidiameter  15   52   .3 

Eq.  Hor.  Parallax  of  Mercury      15  .85  Ssraidiameter  6   .0 

The  difference  of  declination  of  Mercur3'' and  the  sun  at  con- 
junction is  14'  0".8  which  is  less  than  the  semi-diameter,  and 
it  is  evident  that  there  will  be  a  transit  of  the  planet  across 
the  sun's  disk.  It  should  also  be  remarked  that  the  planet 
approaches  the  sun  from  the  east  and  passes  downward  and 
westward  across  the  disk. 

By  an  application  of  the  usual  method  for  projecting 
eclipses  of  the  moon  it  is  possible,  with  the  above  data,  to 
get  the  times  of  the  contacts  within  two  or  three  minutes. 
But  we  shall  make  use  of  this  graphical  process  onlj'-  for  the 
purpose  of  illustration.  Draw  a  horizontal  line  I  J  (see 
Fig,  1)  and  a  vertical  line  GK  intersecting  at  right  angles 
at  C.  Lay  off  IC  to  represent  the  semi-diameter  of  the  sun, 
and  with  radius  IC  and  center  C  draw  the  circle  GIK 
to   represent  the  sun's  disk.    Let  GK  be  a  portion  of  a 
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great  circle  of  the  celestial  sphere  passing  through  the  sun's 
center  from  the  pole  to  the  equator.  Then  IJ  will  be  a 
portion  of  a  small  circle  parallel  to  the  equator  and  passing 
through  the  sun's  center  at  declination  +  IT''  32'  I'^.S. 
The  hourh'  motion  in  declination  of  the  sun  is  39''. 53  north, 
and  that  of  Mercury  is  1'  6".68  south.  They  therefore 
approach  each  other  in  declination  with  an  hourly  motion 
of  1'  46". 21  on  a  great  circle.  Lay  off  mC*  to  represent 
1'  46".21.  The  hourly  motion  in  right  -ascension  of  the  sun 
is  2'  26".22  east  and  that  of  Mercury  is  1'  18".51  west. 


Fic.  1. 

But  these  motions  are  on  a  small  circle  and  being  given  in 
time,  are  larger  than  than  they  would  be  if  given  in  angular 
space  measured  on  a  great  circle,  on  the  same  principle  that 
a  star  near  the  i)ole  moves  slower  in  its  diurnrd  motion  than 
a  star  near  the  ecjuator.  These  motions  vary  as  the  secant 
of  the   declination,    and    wc   therefore   divide   the   hourly 

*C«hould  be  at  the  middle  point  of  the  cut.    OinUiilon  wn»  cinfruvcr'n  fault. 
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motions  of  the  sun  and  Mercury  in  ri^ht  ascension  M'  the 
secants  of  their  declinations,  or  what  is  the  same  thing, 
multiply  them  by  the  cosines. 

(2'  26''.22)cos  17°  32'  +  (0'  18".51)cos  17°  18'  =  3' 
34".39.  Lay  off  Cn  equal  to  3'  34''.39  on  the  same  scale 
as  mC.  Then  mn  will  be  parallel  to  the  path  of  the  planet. 
At  conjunction  the  planet  will  be  at  some  point  on  CK  and 
at  a  distance  from  C  equal  to  the  difference  between  its  dec- 
lination and  that  of  the  sun.  This  difference  is  14-'  0".8, 
Mercury  being  south.  Lay  off  CG  equal  to  14'  0".8  on  the 
same  scale  to  which  the  semi-diameter  of  the  sun  is  drawn. 
O  is  a  point  in  the  path  of  the  planet  and  the  line  AG  drawn 
parallel  to  mn  is  the  path  of  the  planet  across  the  sun's 
disc  as  seen  from  the  center  of  the  earth.  From  C  with 
radius  15'  58". 3,  the  sum  of  the  semi-diameters  of  the  sun 
and  Mercury,  draw  an  arc  of  a  circle  cutting  AG  at  the 
point  A.  Also  from  the  same  center  describe  a  circle  with 
radius  15'  46". 3,  the  difference  of  the  diameters,  and  cutting 
AG  at  A'.  (This  cannot  be  done  to  scale  since  Mercury  is  a 
mere  speck  on  the  sun).  A  and  A'  are  the  positions  of  the 
center  of  the  planet  at  1st  and  2d  contact,  and  describing 
from  these  points  small  circles  tangent  to  the  sun's  limb  we 
have  a  true  representation  of  the  1st  and  2d  contacts  as 
seen  from  the  earth's  center,  except  that  Mercury  is  drawn 
on  a  much  larger  scale  than  the  sun. 

Draw  the  lines  CA,  CA'  and  CH.  All  the  straight  lines 
in  the  figure  really  represent  arcs  of  great  circles,  but  their 
curvature  is  so  slight  that  the  error  due  to  its  being  neg- 
lected is  far  from  being  appreciable.  The  triangles  formed 
by  them  may  therefore  be  solved  as  plane  triangles. 

We  now  proceed  to  calculate  the  times  of  the  1st  and  2d 
contacts  as  seen  from  the  center  of  the  earth.  From  the 
triangle  nCm  we  get  nm  =  3'  59".257,  angle  ni  =  63°  38' 
45".5  and  angle  n  =  26°  21'  14".5.  In  the  triangle  ACG 
we  have  angle  AGC  equal  to  nmC  since  AG  and  nm  are 
parallel.  AC  =  15'  58". 3  =  the  sum  of  the  diameters  of 
the  sun  and  Mercury,  and  CG  =  14'  0".08  =  the  difference 
of  their  declinations  at  conjunction.  Having  three  sides  and 
an  angle  we  compute  AG  =  16'  5".46.  CAG  =  51°  49, 
54".0  and  ACG  =  64°  31'  20".5.  We  also  find  CH  =  12' 
33". 4  which  is  the  nearest  approach    of  Mercury  to  the 
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center  of  the  sun.  When  at  1st  contact  the  planet  is  at  the 
distance  AG  from  conjunction  in  right  ascension,  and  divid- 
ing this  distance,  16'  5".4.6,  by  239''.257,  the  hourly  motion 
in  the  hne  AG,  we  have  4^'. 03525  =  4'^  2'"  6^9,  the  time  it 
will  take  the  planet  to  pass  from  1st  contact  to  conjunction 
in  right  ascension.  The  time  of  conjunction  being  15'^  57™ 
22^5,and  subtracting  4>'  2'"  6^9  we  get  11''  55™  15^6,  which 
is  the  Greenwich  time  of  1st  contact  as  seen  from  the  center 
of  the  earth.  In  the  same  waj^  by  solving  the  triangle 
A'CG  we  find  the  time  of  2d  contact  to  be  12^^  0"'  11^0. 
Subtracting  6  hours  from  the  Greenwich  time  of  1st  and  2d 
contacts  gives  the  central  time  of  their  occurrence  as  about 
6  o'clock  p.  M.  On  May  9th  the  sun  sets  at  ten  minutes 
past  seven  o'clock  at  this  latitude  and  since  the  3d  and  4th 
contacts  occur  more  than  four  hours  later  than  the  1st  and 
2d,  the  last  two  contacts  will  be  invisible  here  and  are  not 
computed  for  this  reason. 

This  computation  is  rigorous  excepting  that  no  account  is 
taken  of  the  small  variations  in  the  rapidity  of  motion  of 
the  sun  and  Mercury  which  take  place  between  the  times  of 
the  contacts  and  conjunction.  But  the  chief  uncertainty  lies 
in  the  computation  of  the  time  of  conjunction,  which  is  due 
to  the  fact  that  the  places  of  the  sun  and  the  planet  are  not 
known  with  perfect  accuracy.  There  is  some  uncertainty 
also  in  the  adopted  semi-diameter  of  the  sun,  and  according 
to  the  Berliner  Jahrbuch  a  variation  of  one  second  of  arc  in 
the  sun's  semi-diameter  affects  the  times  of  the  contacts  by 
24  seconds  of  time. 

In  order  to  give  an  idea  of  the  accurac}-^  that  may  be  ex- 
pected of  a  prediction  of  a  transit  of  Mercury,  we  give  below 
the  times  of  the  1st  and  2d  contact  as  given  in  the  Amer- 
ican Ephemeris  and  the  Berliner  Jahrbuch.  Different  tables 
of  Mercury  arc  used  at  Washington  and  Berlin.  ])ut  both  are 
based  on  the  researches  of  the  cck'l)ratc'(l  I^cnch  astron- 
omer, Le  Verricr. 

Ococcntric  Int.  Conlacl  liooci-iitric  2d  Contact. 

Am.  EphcmcriB 11''  nf)'"  29'.3  12''    0'"  2ri".0 

Berliner  Jahrbuch 11    54    1  a  11    51)      0 

For  an}'  place  on  tlie  surface  of  tht-  c.irtli  at  which  the  sun 
and  Mercury  are  in  the  zenith  at  the  time  of  a  contact  that 
contact  will  be  seen  at  the  same  time  as  from  the  center  of 
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the  earth.  But  for  all  other  places  on  the  earth  the  contact 
will  take  place  sooner  or  later  on  account  of  the  effect  of 
parallax.  We  now  proceed  to  compute  the  corrections  for 
parallax  at  the  1st  and  2d  contacts  as  seen  from  Columbia, 
Missouri. 

Interpolating  the  declination  of  Mercury  for  the  Green- 
wich time  of  1st  contact  as  seen  from  the  earth's  center,  and 
subtracting  our  longitude,  6''  9'"  18%  from  the  same  time  we 
have  +  17°  22'  for  the  dechnation  of  the  planet  and  5''  45'" 
58^  for  the  local  mean  time  of  geocentric  1st  contact.  Ad- 
ding to  the  latter  the  equation  of  time,  3*"  41*  (see  p.  75  Am. 
Eph.),  we  have  5''  49"'  39*  as  the  west  hour  angle  of  the  sun 
at  geocentric  1st  contact,  which  diminished  by  1'",  the  semi- 
diameter  of  the  sun  in  time,  gives  very  nearly,  as  the  hour 
angle  of  the  planet  5''  48'"  39^  From  the  declination  and 
hour  angle  the  difference  of  parallax  of  the  sun  and  Mercury 
in  both  right  ascension  and  declinatian  are  comput  ed  by 
the  usual  formula?  for  the  purpose,  which  may  be  found  in 
ChauveneVs  Sphr.  and  Pract.  Ast.,  Vol.  1,  p.  125.  This 
might  be  worked  out  independently  by  a  simple  application 
of  the  principles  of  spherical  trigonometry  but  it  would  be 
rather  tedious  and  it  will  be  best  to  compute  these  small 
corrections  by  means  of  the  formulae  above  referred  to,  and 
the  results  only  are  given  here.  The  difference  of  parallax 
in  right  ascension  is  5". 80  and  in  declination  4''. 20. 

Since  Columbia  is  north  of  the  plane  of  the  equator  an  ob- 
server here  will  see  both  the  sun  and  Mercury  projected 
lower  down  towards  the  celestial  equator  on  the  celestial 
sphere  than  he  would  if  situated  at  the  center  of  the  earth. 
Mercury  being  nearer  the  earth  will  be  more  depressed  than 
the  sun,  and  since  he  is  below  the  sun's  center  the  effect  of 
difference  of  parallax  in  declination  at  Columbia  will  be  to 
depress  Mercury  still  farther  below  the  center  of  the  sun. 
Again,  conceive  a  plane  passing  through  the  earth's  axis 
and  the  center  of  the  sun.  Since  Columbia  is  above  this 
plane  Mercury  and  the  sun  will  be  depressed  toward  it. 
Mercury  more  than  the  sun,  as  before.  But  since  the  planet 
is  now  above  the  sun's  center,  the  effect  of  difference  of  par- 
allax in  right  ascension  will  be  to  throw  it  nearer  to  the 
sun's  center.  In  Fig.  2,  let  BF  be  a  portion  of  the  sun's 
limb  (on  an  enlarged  scale)  at  the  point  of  1st  contact,  and 
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let  a  be  the  place  of  the  planet  at  1st  contact  as  seen  from 
the  earth's  center  {A  in  Fig.  1).  Draw  a  vertical  line  a^vto 
represent  the  effect  of  difference  of  parallax  in  declination 
(4". 20)  and  a  horizontal  line  xc  for  the  effect  of  difference  of 
parallax  in  right  ascension  (S'^-SO).  When  the  planet  is  seen 
at  a  b3'  an  observer  at  the  earth's  center  it  is  seen  on  the 
sun's  disk  at  c  by  an  observer  at  Columbia,  and  1st  contact 
occurs  sooner  at  Columbia  than  at  the  center  of  the  earth. 


Fio.  2. 

Parallax  in  declination  depresses  the  planet  from  a  to  a-,  and 
parallax  in  right  ascension  shifts  it  from  x  to  c.  From  a 
draw  aC  in  the  direction  of  the  sun's  center,  and  also  ay, 
making  the  angle  Cay  equal  to  C.4G  =  51°49'54''.0  in  Fig.  1. 
From  the  sun's  center,  with  radius  ecpial  to  the  sum  of 
the  diameters  of  the  sun,  and  the  planet,  describe  the  arc  qr. 
Of  course  it  will  pass  through  a  and  all  other  portions  of  the 
center  of  the  planet  at  exterior  contact,  ay  is  a  portion  of 
the  path  of  the  planet  as  seen  from  the  earth's  center,  and  he 
drawn  through  c  parallel  to  ay  and  cutting  qr'm  h  is  a  part 
of  the  path  of  the  ])la«et  as  seen  from  Columbia,  h  is  the 
position  of  the  planet  .'is  .seen  IVoni  Columbia.     Produce  ax 


Calculating  Transits  of  Venus  and  Mercury.        233 

to y  and  draw  ct  and  sb  parallel  to  ax.  First  contact  takes 
place  at  Columbia  earlier  than  it  does  at  the  center  of  the 
earth  by  the  time  it  takes  the  planet  to  move  from  b  to  c. 
If  the  distance  be  is  known,  this  time  may  be  found  133-  di- 
viding be  by  the  hourly  motion  of  the  planet.  Triangle  axy 
is  similar  to  mCn  in  Fig.  1  since  the  sides  are  parallel  each 
to  each.  Angle  xay  =  63°  38'  45''  and  the  side  ax  =  4".20 
and  we  find  xy  =  8". 46  and  ay  =  9". 44.  ax  —  xc  = 
8".46  —  5".80  =  2".66  =  cy,  and  from  the  triangle  tcy  we 
have  tc  =  1".32  and  ty  =  2.97.  In  the  small  triangle  asb, 
sb  =^  te  =^  1".32,  angle  s  =  180°  —  yax  and  angle  sab  = 
90°  —  Cay  —  90°  —  51°  49'  54",  and  solving  it  we  get  bs 
=  0".91.  From  ay  subtracting  as  and  ty  we  have  9".44 
—  0."91  —  2".97  =  5".56  —  st  —  be  5".56  -^  239".26  (the 
hourly  motion)  =  0.02324  hours  =  1'"  23*.7.  An  observer 
at  Columbia  sees  1st  contact  1'"  23^.7  sooner  than  an  ob- 
server at  the  center  of  the  earth,  and  subtracting  this  cor- 
rection for  parallax  from  11"  55'"  15^6  we  get  11"  53'"  51''.9, 
which  is  the  Greenwich  mean  time  of  1st  contact  as  seen  at 
Columbia.  In  the  same  way  the  correction  due  to  parallax 
for  2d  contact  is  computed  and  found  to  be  1"  22^8,  and, 
when  subtracted  12"  0"*  11^0,  the  time  of  2d  contact  for 
the  earth's  center,  gives  11"  58'"  48\2  as  the  Greenwich 
mean  time  of  2d  contact  for  Columbia.  Subtracting  6 
hours  from  the  Greenwich  time  gives  as  the  central  times  of 
1st  and  2d  contacts  at  Columbia,  Missouri,  according  to 
this  computation, 

1st  Contact,  5"  53'"  51^9,  2d  Contact,  5»'  58'"  48^2. 

In  Fig.  1,  the  angle  ACK  =  64°  31',  is  the  angular  dis- 
.tance  from  the  south  point  of  the  sun  at  which  1st  contact 
takes  place.  Or,  the  supplement  of  ACK,  GCA  =  115°  29', 
is  the  angular  distance  of  1st  contact  from  the  north  point 
reckoned  to  the  left. 

Observatory  of  the  State  University  of  Missouri. 
April  6,  1891. 
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METEOR  RADIANTS. 


W.  F.  DENNING,  ENGLAND. 


For  The  Messenger. 

Mr.  Monck,  in  his  letter  to  The  Sidereal  Messenger  of 
February,  p.  109,  assumes  an  air  of  injured  innocence.  But 
he  is  still  inaccurate  in  certain  statements,  and  I  am  sorry- 
there  is  a  further  necessity  for  me  to  reply  to  your  irrepress- 
ible correspondent. 

He  says  my  argument  is  that  because  he  is  not  himself  an 
observer  he  has  no  right  to  form  any  theory  about  meteors. 
I  need  hardly  say  this  is  quite  inconsistent  with  fact.  Your 
correspondent  may  theorise  to  his  heart's  content  and  with- 
out fear  of  hostile  criticism  from  me.  But  he  is  not  content 
to  frame  theories  on  the  basis  of  observation ;  he  first  en- 
deavors to  subvert  the  observations  and  puts  an  entirely 
wrong  construction  upon  them.    It  is  this  I  object  to. 

Mr.  Monck  quotes  his  friend  Mr.  Gore,  who,  however, 
gives  no  support  to  his  case.  Mr.  Gore  follows  a  perfectly 
just  and  legitimate  method  in  accepting  observations  and 
making  computations  from  them,  without  thinking  it  desir- 
able to  overturn  the  data  gathered  by  able  and  reliable  men 
like  Burnham.  Suppose  for  a  moment  that  Mr.  Gore  at- 
tempted to  alter  their  facts  and  opposed  the  direct  issues  of 
their  observations,  I  think  it  is  very  likely  they  would 
strongly  resent  such  treatment.  But  Mr.  Gore,  far  from  as- 
suming to  dictate  in  such  a  way  has  a  very  keen  apprecia- 
tion of  the  observations,  accepting  them  as  they  stand,  and 
reducing  them  with  honor  to  himself  and  those  who  made, 
them. 

If  Mr.  Monck  will  endeavor  to  theorise  from  my  observa- 
tions without  going  beyond  his  depth  in  futile  efforts  to 
overturn  them,  I  shall  be  really  much  obliged  to  him,  and  I 
will  give  him  any  exj)lanations  that  may  be  likely  to  help 
him.  But  when  he  attcm])ts  to  group  the  radiants  in  an  er- 
roneous way,  .'ind  derives  ffilse  conclusions,  it  at  once  be- 
comes necessary  I  should  tell  him  he  is  not  justified  by  expe- 
rience to  meddle  with  them  in  such  a  manner. 

In  his  letter  he  remarks,  "No  decided  case  of"  shifting  in  a 
radiant  has  been  established."    A  definite  statement  of  this 
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kind,  emanating  from  a  man  who  has  never  yet  observed  the 
radiant  point  of  a  single  meteor  shower,  and  which  is  in  di- 
rect contradiction  to  the  evidences  of  modern  observation,  is 
simply  worthless.  I  must  confess  to  a  feeling  of  surprise  at 
the  temerity  (I  had  almost  said  assumption)  which  prompt- 
ed it  to  be  uttered. 

Let  Mr.  Monck  watch  the  sky  in  July  and  August  next, 
and  if  he  has  any  ability  and  patience  as  an  observer  he  will 
see  the  shifting  radiant  of  the  Perseids  for  himself  and  cease 
this  useless  cavilling. 

Bristol,  Feb.  17,  1891. 

[The  above  article  was  received  too  late  for  the  March 
Messenger.  It  should  have  appeared  in  the  April  issue. 
By  mistake  it  was  omitted. — Ed.] 


CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 

The  most  noteworthy  astronomical  event  to  be  predicted  for  this 
month  is  the  Transit  of  Mercury  across  the  suns's  disk  which  will  occur  on 
May  9.  Mercur}'  passing  between  us  and  the  sun  will  appear  as  a  small, 
round,  black  spot,  invisible  without  the  aid  of  the  telescope,  moving  very 
slowly  across  the  solar  disk.  The  transit  will  begin  at  about  5''  54"°  p.  m. 
and  will  end  at  10''  53""  p.  m.,  central  time.  Only  the  beginning  will  be  vis- 
ible in  the  United  States,  and  in  the  eastern  states  the  sun  will  then  be  so 
near  the  horizon  that  satisfactory-  observations  will  be  impossible. 

In  our  last  number  we  gave  a  cut  showing  the  paths  of  Mercurj'  across 
the  svm's  disk  during  each  transit  of  the  present  century,  and  also  the  exact 
times  of  the  beginning  of  this  transit  at  several  of  the  observatories.  The 
times  of  beginning  of  transit  we  will  repeat  for  the  sake  of  those  who  may 
not  have  received  the  last  number  of  the  Messenger,  and  call  attention  to 
the  article  by  Professor  Updegraff  (See  page  225). 


Observatorj'. 

External  Ingress. 

Standard  of  Time, 

Harvard  College, 

6''  Si™  32.55" 

Eastern. 

New  York  City, 

6    54.    25.81 

•' 

Washington, 

6    54    18.64 

(> 

Chicago, 

5    54    19.73 

Central. 

Carleton  College, 

5    54    26.68 

" 

Lick, 

3    54    17.99 

Pacific. 

The  best  way  for  those  who  have  small  telescopes  to  observe  the  transit 
will  probably  be  to  arrange  the  telescope  so  as  to  project  the  image  of  the 
sun  tjpon  a  screen  of  white  paper  a  foot  or  two  back  of  the  eye-piece.    A 
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large  shade  should  be  placed  on  the  tube  of  the  telescope  near  the  object 
end,  to  cut  oif  from  the  screen  the  direct  rays  of  the  sun.  By  properly  ad- 
justing the  focus  a  sharp  image  from  four  to  eight  or  more  inches  in  diame- 
ter can  be  obtained  with  a  telescope  of  only  an  inch  and  a  half  aperture. 
The  image  of  Mercur3'  on  the  sun  should  be  perfecth-  round  and  black, 
having  a  diameter  about  one  one-hundred-and-fiftieth  of  that  of  the  sun. 
It  will  enter  upon  the  disk  of  the  sun  about  25^  south  of  the  east  point. 

The  observations  which  an  amateur  ma\-  make  will  be  to  note  the  ex- 
act times  when  Mercury  seems  to  touch  the  edge  of  the  sun  from  the  out. 
side,  then  on  the  inside  of  the  disk.  These  times  will,  however,  be  of  no 
value,  unless  the  error  of  the  time-piece  used,  and  the  longitude  and  latitude 
of  the  place  of  observation  are  accurateh'  determined.  It  will  be  well  also 
to  watch  closeh'  to  see  if  a  bright  ring  can  be  seen  around  that  part  of  Mer- 
curj-'s  disk  which  is  oflf  the  solar  disk,  between  first  and  second  contacts. 
Also  notice  carefulh-  whether  there  is  any  trace  of  a  dusky  fringe  around  the 
planet  when  wholly  within  the  disk  of  the  sun. 

Venus  may  be  seen  in  the  east  an  hour  before  sunrise  but  is  not  in  a  fav- 
orable position  for  observation  except  during  the  day.  Venus  will  be  in 
conjunction  with  the  moon,  2°  54'  north,  on  the  morning  of  Ma3'  5,  and 
again  on  June  4,  0°  12'  north.  On  the  latter  occasion  Venus  will  be  oc- 
culted as  seen  b\'  observers  in  latitudes  betwen  30°  north  and  45°  south. 

Mars  may  still  be  seen  in  the  west  each  evening  until  nine  o'clock,  but 
is  not  in  position  to  be  well  observed. 

Jupiter  may  be  observed  after  three  o'clock  in  the  morning.  He  is 
among  the  faint  stars  in  Aquarius,  seen  towards  the  east  in  the  morning. 

Saturn  will  be  at  quadrature  with  the  Sun,  May  31.  It  is  past  the  best 
time  for  observation  this  j'ear,  yet  the  phenomena  attendant  upon  the 
changes  in  position  of  the  rings  should  be  watched  very  closely  as  long  as  it 
is  possible  to  follow  the  planet.  Good  observations  may  sometimes  be 
made  before  sunset. 

Uranus  may  be  best  observed  from  8  p.  .m.  to  2  a.  m.  For  its  iiosition 
among  the  stars  see  diagram  February  number  of  The  Messenger  (page 
142).    It  will  be  in  conjunction  with  the  moon,  south  2°  54',  May  20  at  6 

P.  M. 

Neptune  will  be  at  conjunction  with  the  sun  May  27,  and  so  it  is  out  of 
our  view  for  the  month. 

Date.  R.  A. 

1891.  h      m 

May  25 2  52.2 

June     5 3  i7.« 

15 4  06.2 

25 5.  «8-5 

May  25 2  08.0 

June     5 2  59.3 

»5 3  47-« 

as 4  3»-2 


MERCl'KV. 

Dccl. 

Rinc8. 
h     in 

Transits, 
h       m 

Sets, 
h    m 

+  12  46 
+  14  32 
+  183' 
-f  22   41 

3  45  A.  M. 
3   20      " 
3    "      " 

3  24    " 

VKNl'S. 

ID  40.2  A.  M. 
10  22.6      " 

10  31.4     " 

11  04.4     " 

5  35  P-  M, 

5  25     " 

5  52     " 

6  45     " 

-f  II   03 
-f  '5   21 
+  18   38 
4-21  09 

3  09  A.  M. 

2    58      •• 

2    52      " 
2    51      " 

9  5f'-7  A.  M. 
10  04.2     " 
10  13.2     " 
lu  24.1     " 

4  44  P.  M, 

5  10     " 

5  34     " 

5  57     " 
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Date.  R.  A. 

1891.  h      m 

May  25 5  34.1 

June     5 6  06.0 

15 6  34.9 

25 7  03.4 

Maj--  25 23  07.0 

June     5 23  II. 6 

15 23  14.8 

25 23  16.9 

May  25 10  51. 1 

June     5 10  52.3 

15 10  54-1 

25 10  56.4 

May  25 13  44.7 

June     5 13  43-5 

>5 13  42.7 

25 13  42.3 

May  25 4  19.3 

June     5 4  21.0 

15 4  22.5 

25 4  24.0 

Apr.    24 18  30.2 

May  18 18  34.6 

June    II 18  20.3 

May  30 20  19.6 

June  23 20  10.4 

May  25 4  08.9 

June     5 4  53-8 

15 5  35-2 

25 6  16.7 

May  20 13  53.4 

21 14  41-7 

22 15  33-2 

23 16  28.7 

24 17  28.1 

25 18  30.9 

26 19  34.3 

27 20  37.3 

29 21  38.0 

30 22  35.7 

31 23  30.8 

June      I o  24.2 

2 I   16.9 

3 2   10.3 

4 3  05-3 

5 4  02.4 


MARS. 

Decl. 

Rises. 

Transits. 

Sets. 

° 

' 

h    m 

h 

m 

h 

tn 

+  24 

II 

5   33  A. 

M. 

I 

21.8  p. 

,  M. 

9 

II 

P. 

M, 

+  24 

23 

5   21      ' 

' 

I 

10.4     ' 

" 

9 

00 

' 

< 

+  24 

12 

5    "      ' 

' 

12 

59-9     ' 

' 

8 

49 

" 

+  23 

41 

5  03     ' 

JUPITER. 

12 

49.0     ' 

8 

35 

-    6 

48 

I     19  A. 

M. 

6 

55-8  A. 

M. 

0 

32 

P. 

M, 

-    6 

23 

0  39     ' 

•' 

b 

17.0     ' 

" 

II 

55 

A. 

M. 

-    6 

Ob 

0    02       ' 

' 

5 

40.9     ' 

' 

II 

20 

' 

-    5 

5^^ 

II    24  P. 

M. 

5 

03.6     " 

10 

44 

1 

( 

SATURN. 

+    9 

32 

II    56  A. 

M. 

b 

37-9  P- 

M. 

I 

19 

A. 

M, 

+    9 

23 

II    15      • 

' 

5 

55-9    ' 

' 

0 

37 

" 

4-   9 

10 

10   38      ' 

' 

5 

18.3     ' 

( 

II 

58 

P. 

M. 

+    « 

54 

10  02      ' 
URANUS. 

( 

4 

413     ' 

11 

20 

—  10 

14 

4  08  P. 

M. 

9 

31.0  p. 

M. 

2 

54 

A. 

M. 

—  10 

08 

3  24     ' 

' 

8 

4b.  b     ' 

' 

2 

10 

II 

—  10 

04 

2  43     ' 

8  ob.5     ' 

' 

I 

30 

" 

1 

—  10 

02 

2  03     " 

7 

2b.b     ' 

< 

0 

SO 

" 

1 

NEPTUNE. 

+  19 

52 

4  40  A. 

M. 

12 

07.2  p. 

M. 

7 

34 

P. 

M. 

4-19 

56 

3  58     ' 

II 

25.7  A. 

M. 

b 

53 

" 

+  20 

00 

3  20     ' 

10 

47-9     " 

b 

15 

" 

-|-  20 

03 

2  42     ' 

10 

lO.O       " 

5 

38 

li 

VESTA. 

-  17 

S8 

II    30  P. 

M. 

4 

19       A. 

M. 

9 

08 

A. 

M 

-  18  28 

10  00      " 

2 

48           • 

' 

7 

36 

" 

-  19 

48 

8  18     ' 

PALLAS. 

12 

59       ' 

5 

40 

+  18 

02 

8  28  P. 

M. 

3 

46       A. 

M. 

II 

04 

A. 

M 

+  '9 

33 

6  37     ' 

THE  SUN. 

2 

02 

9 

27 

+  21 

00 

4  23  A. 

M. 

II 

56.7  A. 

M. 

730  : 

P. 

M.. 

+  22 

35 

4   17     ' 

II 

58.3       • 

' 

7 

40 

11 

+  23 

20 

4   15      ' 

12 

00.2   P. 

M. 

7 

45 

^t 

+  23 

24 

4   17     " 

12 

02.4       ' 

* 

7 

48 

" 

THE   MOON. 

-    8 

19 

4   18  p. 

M. 

9 

59-4  P- 

M. 

3 

32 

A. 

M. 

-  13 

33 

5  24     " 

10 

43-6     ' 

' 

3 

55 

'• 

-  18 

14 

6  32     ' 

II 

31.0     ' 

4 

23 

11 

—  22 

08 

7  43     ' 

12 

22.4  A. 

M. 

4 

51 

" 

-  24 

50 

8  54     ' 

I 

17.7     ' 

s 

40 

" 

-  26 

02 

10  00     " 

2 

i6.i     " 

b 

34 

" 

-25 

31 

10  58     " 

3 

15-7     ' 

7 

38 

u 

-  23 

18 

II  4b     ' 

4 

I4.b     ' 

8 

49 

II 

-  19 

32 

12  25     " 

5 

II. 2     ' 

10 

07 

" 

-  14 

33 

12  57     • 

b 

04.8     ' 

II 

24 

i< 

-    8 

43 

I  24     • 

b 

55-8     ' 

12 

40 

P. 

M. 

—    2 

24 

I  48     ' 

7  45-1     ' 

I 

SO 

" 

+    4 

01 

2  II     " 

8 

33-8     ' 

3 

II 

(( 

+  10 

«3 

2  35     " 

0 

23.0     " 

4 

27 

11 

+  15 

48 

3  00     " 

10 

12.0     ' 

s 

42 

•' 

-|-  20 

2b 

3  30    ' 

II 
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b 
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" 
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Date.  R.  A. 

1891.  h      m 

June     6 5  01.5 

7 6  01.7 

8 7  01.6 

9 7  59-5 

10 8  54.3 

II 9  45-8 

12 10  34,1 

13 ii  20.1 

14 12  04.6 

15 12  48.8 

16 13  33-6 

17 14  20.5 

18 IS  10.3 

19 16  04.1 

20 17  02.4 

21 18  04.8 

22 19  09.7 

23 20  14.8 

24 21  17.9 

25 22  17.8 

26 23  14.3 

27 o  08.2 

29 I  01.8 

30 I  531 


Decl. 

o       / 

+  23  48 
+  25  41 

+  26  00 

+  24  50 

+  22  23 
+  1855 
+  14   41 

+  9  54 

+  4 

-  o 

-  6 

-  II 

-  16 

-  20  34 

-  23  51 

-  25  44 

-  25  54 

-  24  15 

-  20  54 

-  16  10 

-  10  29 

-  4  15 
+    2  09 

-j-    8  22 


M. 


44 
38 

03 
20 

17 


Rises, 
h    tn 

4  05  p 

4  49  " 

5  40  " 

6  39  " 

7  42  " 

8  47  " 

9  51  " 

10  55  " 

11  57  " 

12  59  " 

2  02  " 

3  07  " 

4  14  " 

5  24  " 
635  " 

7  45  " 

8  48  " 

9  42  " 

10  25  " 

11  00  " 
II  29  " 

11  53  <' 

12  16  A.  M 
12   39  " 


Transits, 
h      m 

12  02.0  p.  M. 

12   58.2  " 

1  53-9  " 

2  47-7  " 

3  38.5  " 

4  25.9  " 

5  lo.i  " 

5  52-0  " 

6  32.5  " 

7  12.6  " 

7  53-5  " 

8  36.2  '• 

9  22.0  " 

10  II. 8  " 

11  05.9  " 

12  04.2  A.  M. 
I   05.0  •' 

06.0  " 


05.0 
00.8 

53-2 
43-0 

315 
19.8 


Sets. 
h     m 

8  09  P.  M. 

9  13  " 
10  07  " 

10  51  " 

11  26  " 

11  54  " 

12  18  A. M. 
12   39  " 
12   57  " 

I    16  " 

I  35  " 

1  56  " 

2  22  " 

2  53  " 

3  32  " 

4  22  " 

5  24  " 

6  37  " 

7  54  '^ 
9  13  " 

10  30  " 

11  46  " 

1  00  p.  M. 

2  15  " 


Jupiter's  Satellites. 


May  16 
18 
18 
18 
19 
19 
19 
20 
20 
20 
25 
25 
26 
26 
27 
27 
27 
27 
30 
1 
1 
1 
3 
4 
4 
5 
5 
6 
6 


June 


Central 
h  m 
2  00  A 
12  40  ' 
1  41  ' 

4  57  ' 

1  26  ' 

2  27 

3  14  ' 

1  05  ' 

2  05 

3  24 
27 
40 
49 
21 
39 
01 

3  59 

5  20 
12  4H 

1  21 

4  06 
4  16 

2  04 
12  44 

4  23 
12  20 
1  43 
1  25 
4  51 


Time. 


Central  Time. 

h    m 

II  Ec.  Dis. 

June     8 

3  58     " 

II  Sh.  In. 

IV  Oc.  Dis. 

11 

2  38     " 

I  Ec.  Dis. 

II  Tr.  Eg. 

11 

11  55  P.  M. 

I  Sh. In. 

IV  Oc.  Re. 

12 

1   18  A.  M. 

I  Tr.  In. 

Ill  Sh.  Eg. 

12 

2  14    " 

I  Sh.  Eg 

I  Ec.  Dis. 

12 

3  36    " 

I  Tr.  Eg 

Ill  Tr.  In. 

12 

11  49  P.  M. 

III  Ec.  Dis 

I  Tr.  In. 

13 

12  46  A.  M. 

I  Oc.  Re. 

I  Sh.  Eg. 

13 

3  14    " 

Ill  Ec.  Re. 

I  Tr.  Eg. 

17 

1  38     " 

II  Ec.  Dis. 

II  Tr.  In. 

19 

1  28     " 

II  Tr.  Eg. 

II  Sh.  Eg. 

19 

1  49     " 

I  Sh. In. 

Ill  Sh. In. 

19 

3  11     " 

I  Tr.  In. 

IV  Sh.  Eg. 

20 

12  39     " 

IV  Ec.  Dis. 

I  Sh. In. 

20 

2  39    " 

I  Oc.  Re. 

I  Tr.  In. 

20 

3  50     " 

Ill  Ec.  Dis. 

I  Sh.  Eg. 

20 

11  57  P.  M. 

I  Tr.  Eg. 

I  Tr.  Eg. 

24 

2  44  A.  ^f. 

Ill  Tr.  Eg 

Ill  Oc.  Re. 

26 

1  09    " 

II  Tr.  In. 

II  Sh.  In. 

26 

1  24    " 

II  Sh.  Eg 

II  Tr.  In. 

27 

12  54    " 

I  Ec.  Dis 

II  vSh.  Eg. 

27 

4  30    " 

I  Oc.  Re. 

II  Oc.  Re. 

28 

12  30    " 

I  Sh.  Eg 

I  Ec.  Dis. 

28 

1  49    " 

I  Tr.  Eg 

I  Oc.  Kc. 

28 

11  42  p.  M. 

IV  Tr.  In. 

I  Sh.  I-K. 

29 

3  26  A.  M. 

IV  Tr.  Eg 

I  Tr.  1-^. 

July      1 

1  25    " 

HI  Sh.  Eg 

Ill  Oc.  Dis. 

1 

3  11    " 

III  Tr.  Eg. 

Ill  Oc.  Kc. 
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Configuration  of  Jupiter's  Satellites  at  3  a.  m. 

Mavl7 

41  0  23 

June  1 

4  0  213 

June 16 

421  0  3 

18 

•  2  0  13 

2 

421  0  3 

17 

423  0  1 

19 

21  0  34 

3 

43  0  1  • 

18 

431  0  2 

20 

3  0  242X 

4 

•  3  0  42 

19 

ir  43  0  1 

21 

3  0  1  24 

5 

32  1  0  4 

20 

243  0  • 

22 

23  1  0  4 

6 

23  0  14 

21 

1  0  423 

23 

2  C  31  4 

7 

1  0  234 

22 

0  1243 

24 

1  0  2  3  4 

8 

0  2134 

23 

21  0  34 

25 

2;  0  134 

9 

21  0  34 

24*    21  2  0  1  4 

26 

21  0  34 

10 

32  0  14 

25 

31  0  24 

27 

34  0  12 

11 

31  0  24 

26 

3  0  214 

28 

34  0  2  • 

12 

32  0  14 

27 

2  31  0  4 

29  432  1  O 

13 

243  0  1 

28 

2:  0  234 

30 

42  0  31 

14 

41  0  23 

29 

21  0  123 

31 

41  0  23 

15 

4  0  123' 

30 
July    1 

421  0  3 
42  0  31 

The  arrangement  of  the  figures  12  3  4  indicates  the  positions  of  the 
four  satellites  relative  to  the  planet  O .  The  sign  U  signifies  that  the  satel- 
lite  whose  number  is  missing  is  upon  the  face  of  the  planet ;  •  signifies  that 
the  satellite  is  behind  or  in  the  shadow  of  the  planet. 

Minima  of  Variable  Stars  of  the  Algol  Type. 

[The  times  are  given,  to  the  nearest  hour  of  Central  Time,  of  only  those 
minima  which  can  be  observed  in  the  United  States.] 

U  CORONA.  Y  CYGXI. 


U  CEPHEI. 

R.  A 0»'52'"32' 

Decl +  81°  17' 

Period 2d  ll**  SO" 


May  26 
31 

June  5 
10 
15 
20 
25 
30 


5  A.  M. 

5  '• 

4  " 

4  " 

4  •• 

3  " 

3  " 

3  " 


S  CANCRI. 

R.  A Si' 37'°  39' 

Decl +  19°  26' 

Period 9c?  ll"  SS-" 

Mav  17  5  A,  M. 

June    5  5    " 

23  4    " 

S  LIBR^. 

R.A 14'' 55"  06' 

Decl —  8°  05' 

Period 2d  01^  51"" 

8  P.M. 
4  A.  M. 

8  p.m. 

4  A.  M. 

3    " 


R.  A 15»'13'»43' 

Decl +32°  03' 

Period 3 1/ 10'' 51'° 


May  17 
24 
31 

June  6 
13 
24 


5  A.  M. 

3    " 

1  " 

IIP.  M. 
8    " 
5  A.  M. 


May  16 
19 
23 
26 

June    2 

9 

16 

23 

30 


U  OPHIUCHI. 

R.A 

,17h  IQm  56t 

Decl 

....  +  1°  20' 

Period 

..0d20''08'° 

May  18 

1  A.  M. 

18 

9  P.  M. 

23 

2  a.m. 

23 

10  p.  m. 

28 

3  a.m. 

28 

11  p.  M. 

June    2 

4  A.  M. 

2 

midn. 

3 

8  p.  M. 

8 

1  A.  M. 

8 

9  p.m. 

13 

1  A.  M. 

13 

9  p.m. 

18 

2  a.m. 

18 

10  p.  m. 

23 

3  a.m. 

23 

11p.m. 

28 

4  a.  m. 

28 

midn. 

R.A 

Decl 

Period 

May  17 

20 

23 

26 

29 

June    1 

4 

7 

10 

13 

16 

19 

22 

25 

28 


.20''  47"'  40* 
.+  34°  15' 
.  Id  11''  57'« 

5  A.  M. 

4  " 

4  " 

4  '• 

4  " 

4  " 

4  " 

4  " 

4  " 

4  '• 

4  " 

4  " 

4  " 

3  " 

3  " 
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Occultations  Visible 

at  Washington. 

IMMERSION. 

EMERSION. 

Star's 

Magni- 

Wash. 

Angle  f'm 

Wash.      Angle  f'm 

Dura- 

Date.                 Name. 

tude. 

Mean  T. 

N.  P't. 

Mean  T.        N.P't. 

tion- 

h     m 

° 

h     m                 ° 

fa  m. 

Mav  15. .-7  Leonis 

3-3 

3  58 

143 

5    14-9            265 

I    17 

1 5... 42  Leonis* 

6.0 

13  42 

114 

14  33-9            291 

0   52 

17. ..V    Virginis 

4.0 

10  34 

57 

II    10. 1                 4 

0  36 

22... 4 1  Librae 

5-9 

12  00 

92 

13   18.I             319 

I    18 

22. ..K  Libra; 

5-1 

14  09 

104 

15  25.9            291 

I    17 

June     I. ..33  Ceti 

6.1 

14  37 

353 

14  51-3          318 

0   15 

I. ..35  Ceti 

6.3 

15  05 

52 

16  03.1           252 

0  58 

*  Whole  occultation  below 

the  horizon  of  Washington. 

Phases  and  Aspects  of  the  Moon. 

Central  Time, 
d        h     m 

First  Quarter 1891  May  15     1  04  p.m. 

Apogee "         "  16   10  54     " 

Full  Moon "         *•'  23   12  26     " 

Last  Quarter "         "  30  12  54     " 

Perigee "         "  31     3  06     " 

New  Moon "  June  6  10  26  A.  M. 

Apogee "         "  13      6  00  p.m. 

First  Quarter "         "  14     6  34  a.m. 


New  Minor  Planets. 


A  planet  was  discovered  by  Borelly  of  Marseilles,  March  31.4436  Gr. 
M.  T.  cr  =  12*'  24™  49'.3 ;  f5  =  — 1°  55'  32".  Daily  motion  —40"  in  a,  and 
5'  northward.    Magnitude  not  given.    This  is  apparently  No.  309. 

Another  planet  was  discovered  b3'  Palisa  at  Yienn.i  April  6.399  Gr.  M. 
T.,  in  right  ascension  12''  41™,  and  in  declination  —6°  15'.  Daily  motion  is 
14'  westward  and  4'  northward.  Magnitude  13th.  The  telegram  was  in 
error,  so  that  a  more  complete  statement  of  position  or  date  of  discovery 
of  the  planet  can  not  be  given.    Probably  No.  310. 

Names  have  been  given  to  asteroids  as  follows:  283,  Emma;  284, 
Amelia;  285,  Regina;  289,  Nenctta;  290,Bruna;  291,  Alice;  292,  Ludovica; 
293,  Brasiha;  294,  Felicia;  295,  Theresia;  296,  Phai-tusa;  297,  Cecilia; 
298,  Baptisina;  300,  Geraldina;  302,  Clarissa. 


New  Planetary  Nebula.  {DM.— 12?  1172  magn.  9.2).  [Communicated 
by  Fdward  C.  Pickering,  Director  of  Harvard  College  Observntor}'.]  The 
photographic  spectrum  of  DM  — 12°  1172  magiiitudc  9.2,  whose  ap])roxi- 
matc  position  for  1900  is  in  R.  A.  5''  22.9™,  Doc.  —  12°  40',  was  obtained 
at  this  ObHcrvatory  with  the  8-inch  Draper  telescoiw  on  March  26,  1891, 
and  proves  to  be  that  of  a  planetary  nebula.  Confirmation  of  this  was  ob- 
tained photographically  on  March  30,  and  alHo  visually  with  the  15-inch 
equatorial  tclescojK:.  As  the  hydrogen  line  F  in  this  object  is  unusually 
strong  as  compared  with  the  line  whose  wave-length  is  500,  the  visual 
spectrum  difTcrh  in  a  marked  manner  from  that  of  the  i)lanetary  nebulic 
already  known.  M.  Pluming. 

Harvard  College  Observatory,  Cambridge,  Mass.,  April  14,  1891. 


Current  Celestial  Phenomena.  241 


COMET  NOTES. 


Comet  a  1891  {Barnard,  March  29).  The  first  comet  of  this  3'ear  was 
discovered  by  E.  E.  Barnard  at  Lick  Observatory,  March  29.695  Gr.  M.  T. 
in  R.  A.  !•>  00"'  08' ;  Decl.  north  44°  18'.  Daily  motion  in  decHnation  1° 
south.  The  head  of  the  comet  ^as  about  1'  in  diameter,  the  nucleus  of  the 
tenth  magnitude,  tolerably  well  defined,  and  the  tail  less  than  30'  long.  In 
a  private  letter  dated  April  12,  Mr.  Barnard  says:  "My  comet  of  March  29 
has  been  hidden  by  the  clouds  since  the  third  of  April  and  it  will  now  be  too 
near  the  sun  to  observe,  even  if  it  should  clear  again  this  spring.  I  only 
succeeded  in  getting  six  nights  observations  of  it.  It  is  scarcel3'  probable 
that  it  will  be  visible  after  i)erihelion." 

We  have  as  yet  (April  21)  received  no  epheraeris  of  this  comet.  Mr. 
Wendell  wrote  April  16  that  he  had  an  orbit  of  the  new  comet  partly  fin- 
ished, but  learned  that  there  was  an  error  in  one  of  the  observations  which 
he  was  using,  so  that  it  was  necessary  to  do  the  work  over  again. 

Winnecke's  Periodic  Comet.  From  a  private  letter  we  learn  that  Mr. 
Barnard  has  looked  for  Winnecke's  comet  with  the  great  Lick  telescope, 
but  failed  to  find  it.  He  says  that  it  is  either  excessively  faint  or  is  not 
•within  50'  in  R.  A.,  or  6'  in  Decl.  of  Dr.  Von  Haerdtl's  ephemeris  position. 


Discovery  of  a  new  Comet.  On  Monday  evening,  March  30  at  9  p.  M., 
while  comet-seeking  with  my  10-inch  reflector,  power  40,  I  alighted  upon  a 
nebulous  object  in  Andromeda  which  I  failed  to  identify.  Being  acquainted 
with  the  conspicuous  nebulae  in  this  region  I  immediately  suspected  it  to  be 
a.  comet,  and  a  few  minutes  sufliced  to  reveal  motion.  I  then  sent  a  tele- 
graphic notification  of  the  discovery  to  the  Astronomer  Ro^-al  at  Green- 
wich, and  the  following  morning,  March  31,  he  wired  to  Professor  Krueger 
at  Kiel.  I  observed  the  new  comet  on  March  30  at  16''  30'",  and  on  March 
31  and  April  4  at  8''  30"".  The  motion  of  the  comet  is  carrj'ing  it  rapidly 
to  the  S.S.E.,  and  it  will  disapjiear  with  the  sun's  rays  in  a  short  time.  To- 
■wards  the  end  of  April  the  comet  will  be  close  to  the  sun  in  Aries. 

On  April  4  the  sky  was  very  clear,  and  the  comet  was  seen  to  have  a 
delicate,  tapering  tail.  The  nucleus  and  coma  were  decidedl3'  brighter  than 
on  the  occasion  of  my  first  observation  on  March  30.         W.  F.  Denning. 


Comet  Wolf  1884.  Mr.  Berberich  of  the  Berlin  Observatory,  has  com- 
municated to  Mr.  Barnard  the  elements  and  an  ephemeris  for  Comet 
Wolf  1884,  the  return  of  which  is  exjjected  during  the  coming  summer  or 
fall.  Mr.  Barnard  has  through  the  medium  of  the  Astronomical  Journal 
put  these  data  in  the  possession  of  American  observers,  and  I  see  that  the 
ephemeris  has  been  printed  in  the  April  Messenger. 

The  changes  in  the  elements  due  to  the  action  of  the  planets  have  been 
very  small.  The  longitude  of  the  node  has  been  lessened  only  17",  the 
longitude  of  the  perihelion  increased  slightly  over  6',  the  inclination  de- 
creased V,  the  angle  of  excentricity  made  small  by  about  16',  the  mean 
daily  motion  shortened  3". 5,  and  the  period  of  the  comet  augmented  6 
•days. 


242  The  Sidereal  Messenger. 

Professor  Thraen  has,  from  all  the  observations  of  the  comet  in  1884-5,. 
made  a  careful  determination  of  the  orbit,  the  probable  errors  derived  being 
quite  small.  I  was  apprehensive  that  an  earl^'  ephemeris  of  the  comet 
would  not  appear,  and  had  from  Thraen's  elements  computed  an  ephemeris 
for  May  and  June  next.  I  had  just  about  completed  my  work  when  Mr. 
Barnard  published  Mr.  Berberich's  computation. 

On  comparison  the  places  determined  by  the  two  sets  of  elements  differ 
so  slightly  that  mine  would  have  served  as  a  sweeping  ephemeris. 

It  will  be  remembered  that  this  comet  was  discovered  by  Dr.  Wolf  at 
Heidelburg,  on  September  17,  1884,  when  it  was  about  ninety-four  million 
miles  from  the  earth,  and  last  seen  by  Professor  Young  at  Princeton,  when 
it  had  increased  its  distance  to  240  million  miles.  The  comet  is  predicted 
to  appear  in  the  morning  sky,  rising  on  May  3d  four  hours  before  the  sun, 
which  is  increased  on  JuW  6th  to  six  hours. 

The  chances  are  exceedingly  favorable  for  finding  the  comet  at  this  re- 
turn, and  it  is  hoped  that  it  will  not  elude  the  eyes  of  comet  seekers  as  did 
Denning's  of  1881,  Barnard's  of  1884  and  Brorsen's.         Geo.  A.  Hill. 

Naval  Observatory,  Washington,  D.  C,  April  7,  1891.   . 


A  Total  Eclipse  of  the  Moon  will  take  place  on  Maj'  23d,  beginning  at 
3^  36*",  and  ending  at  9^  23'"  Greenwich  mean  time.  It  will  be  invisible  in 
the  United  States,  biit  may  be  seen  generally  throughout  the  western  part 
of  the  Pacific  Ocean,  Australia,  Asia,  Africa  and  Europe. 


An  Annular  Eclipse  of  the  Sun  will  occur  on  June  6.  Tlie  moon  will  be 
so  far  from  the  earth  at  that  time  that  its  shadow  will  fail  to  reach  the 
earth.  An  observer  standing  upon  the  earth  directly  under  the  apex  of  the 
shadow,  would  at  the  middle  of  the  eclip.se,  see  the  moon  upon  the  face  of 
the  sun  surrounded  b}'  a  ver}'  narrow  ring  of  bright  light.  The  difference 
between  the  diameters  of  moon  and  sun  at  that  time  will  be  only  11". 

Unfortunately  for  us  the  central  line  of  the  eclipse  will  ])ass  very  near 
the  north  pole,  crossing  the  Arctic  Ocean  and  touching  land  only  in  the 
northern  part  o(  Siberia.  The  portions  of  the  eartli  where  the  eclipse  will 
be  partial  are  shown  upon  the  chart  on  page  243.  The  line  of  the  southern 
limit  of  the  eclipse  passes  across  the  United  States  from  the  western  jiart  of 
Texas  to  the  west  of  Lake  Erie,  through  Canada,  between  Newfoundland 
and  Labrador,  across  the  Atlantic  and  the  northern  part  of  Spain,  touch- 
ing the  northernmost  part  of  Africa.  The  looped  curves  on  the  chart  show 
the  places  where  the  beginning,  middle  and  end  of  eclii)se  occur  at  sunri.sc 
and  sunset.  Between  these  loops  and  tlie  southern  limit  of  ediiise  the 
reader  will  notice  some  dotted  curves  which  siiow  where  the  eclipse  begins 
or  ends  at  certain  hours  of  (irecnwich  mean  time.  In  the  Ivastern  i)art  of 
the  United  States  the  eclipse  will  be  wholly  invisible.  At  Chicago  it  will 
laNt  only  2G  niinutcH,  beginning  at  9''  12"',  and  ending  at  9''  37'"  central 
time.  At  Cnrlcton  College  Observatory  the  eclipse  will  be  a  little  larger, 
beginning  H''4r)"',  and  ending  at  10'' H'"  central  lime.  The  nuignitude  of  the 
eelipHc,  /.  c,  the  jiortion  of  the  solar  disk  which  will  be  covered  by  the  moon 
i»  »h(jwn  in  the  acc(»mpanying  cut,  Fig.  2.    The  moon  will  be  seen  to  touch 
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Annular  Eclipse  of  the  Sun,  June  6,  1891. 


Note: — The  hours  of  beginning  and  ending  are  expressed  in  Greenwich 
mean  time. 
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FIG.  2. 


the  sun's  disk  first  at  A,  about  55°  west  from  the  north  point,  and  to  leave 
it  at  C,  10°  east  from  the  north  point.  In  the  western  part  of  the  United 
States,  and  especially  in  Alaska,  the  obscuration  of  the  sun  will  be  much 
greater. 


AMATEUR  STUDY  AND  OBSERVATION. 


This  issue  contains  a  large  amount  of  matter  which  is  presumed  to  be 
useful  to  the  amateur.  Attention  is  called  to  Mr.  Updegraff 's  paper  which 
students  may  easily  master,  and  should  thoroughly  studj'.  G.  P.  Serviss' 
article  below  opens  a  field  of  study  in  astronomy  that  ought  to  give  useful 
and  pleasurable  employment  to  hundreds  of  3'oung  people  who  have  access 
to  a  good  opera-glass.  It  is  not  saying  too  mucli  to  claim  that  every 
teacher  of  elmentary  astronomy  ought  to  have  an  opera-glass,  and  to 
practice  its  use  in  the  study  of  the  stars. 


Among  the  Stars  with  an  Opera-Glass. 


OARRBTT  p.  SERVISS. 


Foil  TUB  MKfSBNOKR. 

I  have  frequently  taken  pleasure  in  witnessing  the  mingled  surprise  and 
delight  of  persons  who  have  accepted  my  invitation  to  look  at  the  stars 
with  on  ojKrn-glnBB,  a  thing  they  had  never  thought  of  doing,  although  the 
opera-gtnsB  had  l)ccn  their  familiar  companion  at  the  theatre  or  the  race 
track.    It  hardly  needed  the  many  letters  I  have  received  from  readers  of 
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"Astronomy  with  an  Opera  Glass,"  acknowledging  that  a  new  source  of 
intellectual  entertainment  had  been  opened  to  them,  to  convince  me  that  the 
powers  of  this  simple  instrument  in  celestial  observation  are  as  little  sus- 
pected by  most  persons  as  they  are  surprising  to  those  who  try  them  for 
the  first  time.  Take  the  simple  fact  that  the  number  of  stars  visible  to  the 
naked  eye  on  a  clear  night  averages  only  about  3,000  at  the  most,  while  at 
the  same  time  a  powerful  opera-glass,  or  field-glass,  will  reveal  about  60,- 
000  and  nothing  more  needs  to  be  said  to  demonstrate  the  value  of  such  an 
aid  in  star-gazing.  It  is  therefore  with  a  full  conviction  that  the  result  to  be 
attained  is  worth  the  labor  it  costs  that  I  have  undertaken,  at  the  request 
of  the  editor  of  The  Sidereal  Messenger,  to  point  out  some  of  the  things 
that  the  observer  with  an  opera-glass  may  expect  to  see,  and  some  of  the 
things  he  should  look  for. 

Many  persons,  it  must  be  admitted,  are  satisfied  after  their  first  won- 
dering glance  at  the  starry  riches  that  lie  hidden  in  certain  places  in  the 
heavens,  and  care  no  more  about  the  matter.  What  I  am  about  to  write  is 
not  intended  for  them.  Enthusiasm  is  as  necessary  to  the  observer  with  a 
mere  opera-glass  as  to  him  who  uses  a  powerful  telescope.  He  must  find 
his  reward  in  his  work.  In  that  spirit  one  can  go  out  under  the  dome  of 
night  with  his  glass,  and  study  the  wonderfully  varied  colors  and  tints  of 
the  stars,  the  striking  contrasts  of  near  neighbors  in  the  celestial  ranks* 
and  their  curious  groupings,  with  undying  delight.  To  him  Sirius  and  Al- 
debaran  and  the  Pleiades  become  more  than  mere  names.  His  mind  grad- 
ually opens  to  the  sublime  truth  contained  in  that  line  of  Aratus: 
"  From  all  quarters  Heaven  speaks  to  man." 

It  is  important,  in  the  first  place,  to  choose  a  good  opera  glass.  Not 
only  should  it  be  achromatic,  but  it  should  be  large  enough  not  to  be 
ranked  as  a  mere  toy.  If  the  observer  does  not  mind  the  exjjense  he  should 
purchase  a  glass  for  the  express  purpose  of  star  observations,  and  he  will 
find  that  it  answers  all  the  other  purposes  of  an  opera-glass  far  better  than 
the  ordinary  instruments  sold  under  that  name.  The  object  lenses  should 
not  be  less  than  an  inch  and  a  half  in  diameter.  Two  inches  is  a  much  bet- 
ter size.  The  magnifying  power  for  a  two-inch  glass  should  be  four  or  five 
diameters.  With  such  a  glass  splendid  views  can  be  obtained  ot  the  richer 
parts  of  the  Milkj'  Way,  and  of  such  stellar  assemblages  as  the  Pleiades, 
the  H3'ades,  and  the  star  swarms  around  the  Belt  of  Orion  and  a  Persei. 
If  possible  a  strong  field-glass  should  also  be  at  hand  for  the  observation  of 
some  of  the  wider  double-stars,  and  clusters  too  dense  to  be  well  seen  with 
the  weaker  instrument. 

During  the  month  of  May  the  constellations  best  placed  for  observation 
are  Bootes,  Virgo,  Coma  Berenices,  Hydra,  Corvus,  Crater  and  Leo.  To 
these  may  be  added  early  in  the  month  Cancer  and  Gemini,  and  perhaps 
Auriga  and  Canis  Minor,  and  late  in  the  month  Libra,  Corona  Borealis,  the 
head  of  Serpens  and  Hercules.  Of  the  circumpolar  constellations  Ursa 
Major  is  too  near  the  zenith,  and  Cassiopeia  and  Cepheus  too  near  the  hori- 
zon to  be  conveniently  studied  with  the  opera-glass;  but  Ursa  Minor  and 
Draco  are  very  well  situated.  The  amateur  who  is  not  familiar  with  the 
face  of  the  sky  should  furnish  himself  with  a  series  of  maps  of  the  constella- 
tions, or  with  a  planisphere  which  ma}'  be  purchased  for  a  few  shillings. 
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Suppose  the  observer  begins  with  Leo,  which  hes  on  the  meridian  about 
eight  o'clock  at  the  beginning  of  the  month.  One  of  the  most  interesting 
things  to  be  seen  here  is  the  decided  difference  in  color  between  Regulus  and 
Gamma  Leonis,  which  comes  out  well  with  an  opera-glass.  Three  minute 
stars  near  Zeta  Leonis  make  a  very  pleasing  little  group  with  their  larger 
neighbor.  The  eighth  magnitude  star  about  five  minutes  of  arc  south  of 
Denebola  is  w^ell  worth  searching  for  with  a  strong  glass.  No  mere  toj' 
opera-glass  will  show  it. 

The  star  cluster  in  Cancer,  called  the  Manger,  is  one  of  the  best  objects 
for  the  opera-glass.  Galileo  was  able  to  count  thirt\--six  stars  in  this  clus- 
ter. 

In  Gemini  there  is  a  mine  of  starry  wonders,  particularly  where  the  foot 
of  the  constellation  meets  the  Milkx-  Waj'.  I  have  turned  again  and  again 
with  ever-renewed  pleasure  to  the  cluster  35M  and  the  delicate  star-streams 
around  it. 

Auriga  is  also  a  very  rich  constellation,  containing  several  condensed 
assemblages  of  small  stars  that  affect  the  naked  eye  like  patches  of  faint 
light,  but  become  very  beautiful  groups  of  stars  when  viewed  with  a  glass. 
There  are  two  or  three  catalogued  star  clusters  in  this  constellation  that 
can  be  recognized  with  a  good  field-glass. 

Beginning  with  the  striking  group  of  stars  imder  Cancer  that  marks 
the  head  of  Hj-dra  the  observer  can  profitably  follow  out  the  long  crooked 
course  of  this  imaginary  serpent,  crossing  the  whole  breadth  of  the  south- 
ern skj-  and  ending  in  the  east  under  Virgo.  The  deep  color  of  its  chief  and 
only  conspicuous  star,  Alphard,  commands  admiration.  Corvus  and 
Crater,  particularly  the  former,  have  some  interesting  star  groupings, 
which  I  have  pointed  out  elsewhere,  and  which  the  reader  can  easily  find 
for  himself. 

The  most  interesting  thing  in  Virgo  at  present  is  the  planet  Uranus, 
which  can  be  easily  seen  with  a  strong  ojjcra-glass  and  readily  identified 
after  a  few  evenings  of  watching  when  its  motion  among  the  vsmall  stars 
near  it  becomes  apparent.  The  observer  can  find  out  where  to  look  for  the 
planet  bj-  consulting  the  little  chart  of  its  path  given  in  The  Messenger 
for  March,  p.  142.  Having  located  the  planet  as  near  as  may  be  in  this 
manner,  let  him  make  a  little  chart  of  the  stars  visible  with  his  glass,  in- 
cluding the  one  which  he  suspects  to  be  the  ])lanct.  Repeat  this  charting 
on  several  successive  evenings,  or  at  intervals  of  two  or  three  nights,  and  in 
a  very  short  time,  the  identity  of  Uranus  will  become  .'ij)i)areut.  More- 
over in  this  way  tlie  amateur  observer  will  oljtain  a  valual)Ic  object  lesson 
in  8tar  charting  which  will  Ix*  of  great  value  to  ium  in  all  subsequent  ob- 
servations. There  is  a  charm,  too,  in  the  recognition,  in  this  manner  of  the 
motion  of  a  sluw-muving  planet  like  Uranus,  that  is  as  indescribable  as  it  is 
delightful.  One  thus  enjoys  a  touch  of  the  same  sort  of  pleasure  that  comes 
to  the  discoverer  of  a  new  planet. 

Spica, the  chief  star  of  Virgo,  is  an  admirable  object  when  viewed  with 
any  kind  of  a  glass.  The  purity  and  beauty  of  its  white  rays  are  almost 
unrivalled  in  the  heavens. 

Tuniing  from  Spica  to  Arcturus,  the  great  yellow  star  in  HoOtes,  is  like 
passing  from  one  range  of  the  universe  to  another.    There  could  hardly  be 
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a  more  striking  contrast.  I  call  Arcturus  yellow,  and  j-et  in  certain  circum- 
stances of  atmosphere  and  position  its  color  is  decidedly  reddish.  It  is 
very  beautiful  in  the  glass  and  the  tiny  stars  that  twinkle  here  and  there 
through  the  glare  of  its  powerful  rays  add  much  to  the  beauty  of  the  spec- 
tacle. 

Berenices'  Hair,  or  Coma  Berenices,  is  a  most  beautiful  little  constella- 
tion for  the  opera  glass  observer.  It  would  be  an  excellent  exercise  for  him 
to  make  a  chart  of  the  stars  that  he  is  able  to  recognize  in  this  remark- 
able assemblage,  showing  their  comparative  brightness  as  nearly  as 
possible. 

In  Libra  the  star  Alpha  is  one  of  the  neatest  doubles  for  ojiera-glass  ob- 
servation to  be  found  in  the  sky.  The  peculiarity  of  color  in  Beta  shoidd 
be  carefully  studied. 

In  Hercules  look  particularly  for  the  celebrated  globular  cluster  between 
the  stars  Eta  and  Zeta.  A  good  opera-glass  readilj'  shows  it  as  a  curious 
speck  of  light  U'ing  nearly  on  a  line  joining  two  little  stars. 


Directions  for  Copying  and  Using  the  Perpetual  Calendar. 

R.  W.  McFARLAND. 

For  The  Mkssengur. 

Take  a  half  sheet  of  foolscap,  rule  it  lengthwise,  as  on  p.  131,  March 
number  of  The  Messenger.  I^et  the  spaces  be  half  an  inch  wide,  and  ex- 
tend to  about  two  inches  from  the  top.  Set  off  seven  inches  for  the  lower 
«et  of  figures,  three-fourths  of  an  inch  each  for  old  style  and  new  style,  and 
one  inch  and  a  half  for  the  days  of  the  month.  Write  out  all  the  figures  as 
they  stand  on  p.  131,  jjutting  the  heavy-faced  type  and  1800  new  style  in 
red  ink.  Cut  a  strip  one  inch  and  a  half  wide  lengthwise  from  another  half 
«heet ;  and  rule  three  sets  of  spaces  each  half  an  inch  wide,  the  short  w^ay  of 
the  slip.  In  the  middle  set  write  out  the  days  of  the  week  and  the  months 
as  they  stand  on  the  upper  part  of  p.  131.  Then  write  the  days  of  the  week 
in  the  regular  order  in  the  upper  and  lower  thirds  of  the  slip,  but  omit  the 
months.  This  gives  the  week  three  times  and  the  months  once.  In  the 
large  sheet,  at  the  place  corresponding  to  the  upper  line  of  the  blocks  con- 
taining "Sun."  and  "Jan.,  Oct.,"  p.  131,  cut  a  slit  a  little  more  than  an 
inch  and  a  half  long:  cut  an  equal  parallel  slit  half  an  inch  above  the  first. 
In  like  manner  cut  two  slits  below,  the  inner  one  corresponding  to  ^he  line 
below  "Sat."  and  "April,  July"  on  p.  131.  Draw  the  slip  through  these 
four  slits,  and  place  the  middle  third  so  that  the  sheet  will  in  every  respect 
be  as  the  printed  page  above  referred  to.  The  calendar  is  then  complete 
and  ready  for  use,  at  an  expense  of  half  a  cent  or  less. 

Write  the  words  "  O/d  style"  and  ''New  style"  in  the  proper  places. 
The  three  sets  of  the  days  of  the  week  are  for  the  convenience  of  the  one  us- 
ing the  calendar. 

To  Set  the  Calendar  for  January,  1891. 

Pull  the  slip  down  till  Jan.  stands  opposite  91,  in  the  lower  block  of  fig- 
ures.   Then  you  see  that  the  1,  8,  15,  22,  and  29  fall  on  Thursday. 
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To  Set  the  Calendar  for  July,  1891. 

Draw  the  slip  upwards  till  July  is  opposite  91,  then  the  1,  8,  etc.,  fall  on 
"Wednesday ;  the  2,  9,  etc.,  on  Thursday,  etc. 

The  calendar  is  based  primarily  on  the  present  century,  and  the  only 
thing  to  do  is  to  put  the  month  opposite  the  required  year.  That  opera- 
tion sets  the  calendar  not  only  for  the  present  century,  but  for  all  others 
which  fall  into  the  same  column  with  1800  new  style,  viz.,  2200,  2600,  etc.» 
also  200,  900,  1600,  etc.,  old  style. 

Examples. 

"What  day  of  the  week  will  June  3,  1895,  be  ? 

Solution:  Put  June  opposite  95;  Monday' is  the  3d.  So  Monday  will 
be  the  3d  for  2295,  2695,  etc.,  new  style,  and  for  June  3d  in  the  years  295^ 
995,  1695,  etc.,  old  stj-le. 

Remark :  For  January  and  February  in  any  leap  year  in  both  styles  set 
Jan.  or  Feb.,  as  the  case  may  be,  against  the  figures  in  red  ink.  Use  the  red 
ink  numbers  in  no  other  months  whatever. 

Required  the  da3'  of  the  week  for  Feb.  22,  1840. 

Solution :  Put  February  opposite  the  red  ink  40 ;  the  22d  was  Satur- 
day. 

Required  the  day  of  the  week  for  July  4th,  1840. 

Solution :  Put  Jul3'  opposite  the  other  40,  and  the  4th  was  also  Satur- 
day. 

For  Other  Centuries. 

First  set  the  calendar  as  above  directed  ;  notice  what  day  of  the  week  is 
opposite  1800  new  style;  then  draw  the  slip  so  as  to  put  that  day  of  the 
week  opposite  the  required  centesimal  year. 

Example :    "What  day  of  the  week  was  the  4th  of  July,  1776  ? 

Solution:  Put  July  opposite  76,  Tuesday  is  opposite  1800;  draw  the 
slip  up  or  down  till  some  Tu.  is  opposite  1700  new  style.  In  this  case  draw- 
it  down,  otherwise  the  slip  will  be  drawn  out  of  its  jjl^ce.  The  4th  is- 
Thursday. 

Required  the  day  of  the  week  for  Feb.  22,  1732,  new  style. 

Put  Feb.  opposite  the  red  ink  32;  then  Sat.  is  opposite  1800;  draw  the 
slip  80  as  to  put  Sat.  opposite  1700  new  style.  The  22d  was  Friday.  Twa 
or  three  more  exam])les  may  suffice. 

The  reformation  of  the  calendar  by  Gregory  was  in  1582  ;  the  last  day 
of  the  old  style  was  Oct.  4,  1582.  Required  the  day  of  the  week.  Set  Oct" 
opposite  82;  Wed.  is  opposite  1800;  draw  the  sli])  so  as  to  put  Wed.  oppo- 
site 1500,  ohl  style.  The  4th  was  Thursday.  The  next  day  was  the  first 
day  of  new  style,  but  it  was  called  Oct.  15th.  Of  course  it  was  Friday,  but 
find  it  by  the  calendar.  Thus,  set  Oct.  as  Iwjfore  ojiposite  82,  Wed.  is  oppo- 
site 1800;  set  Wed.  opposite  1500  new  style;  the  15th  was  Friday, 

By  their  own  account  the  Pilgrims  landed  on  the  11th  of  December, 
1G20.  But  the  count  wan  by  old  style.  What  day  of  the  week  was  it? 
Put  Dec.  oppoHitc  20,  then  Mon.  stands  by  1800.  Hut  1600  old  style  is  in 
the  same  column  with  1800,  and  the  slip  must  not  be  moved.  The  lltlv 
wns  M«njday.  Change  that  date  to  new  style.  Set  the  calendar  as  before, 
and  draw  the  Mon.  opposite  1800  down  to  1000  new  style  The  Monday* 
of  that  month  were  7,  14,  21,  and  28. 
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As  a  last  example,  required  the  day  of  the  week  for  July  4,  one  thousand 
years  in  the  future.  Put  July  opposite  91,  Sat.  stands  opposite  1800;  draw 
the  Sat.  down  to  2800  new  style,  and  the  4th  is  on  Wednesdaj'. 

A  practice  of  half  an  hour  ought  to  render  any  intelligent  person  mas- 
ter of  this  calendar  so  that  any  date  in  either  st3'le  can  be  found  in  a  min- 
ute.   An  experienced  operator  can  find  any  date  in  either  stj'le  in  5  seconds. 

In  order  to  use  this  calendar  it  is  not  necessary  that  the  oi>erator  know 
anything  about  the  history  of  chronology,  any  further  than  it  is  given  in 
this  paper.  And  I  have  thought  it  unnecessary  to  write  any  of  that  his- 
tory. 


How  to  Observe  Variable  Stars.  We  have  asked  one  or  two  of  the  best 
observers  of  variable  stars  that  we  know  of  in  this  country  to  give  sugges- 
tions for  amateur  work  in  this  direction.  Some  useful  work  will  be  mapped 
out  next  time. 


NEWS  AND   NOTES. 


Scientific  Control  of  the  Naval  Observatory.  It  is  noticeable  recently 
that  the  opposition  to  the  transfer  of  the  management  of  the  Naval  Observ- 
atory to  scientific  control  comes  from  persons  who  say  that  astronomers 
want  this  change  because  of  recent  complications  in  the  standard  time  ques- 
tion. While  it  is  true  that  astronomers  generally  are  of  the  opinion  that 
the  positition  of  the  Naval  Observatory'  in  regard  to  the  standard  time  has 
been,  and  is,  wrong  and  unjust,  that  is  not  the  point  at  issue  with  them. 
They  claim  that  the  national  Observatory  is  a  scientific  institution, — that 
and  nothing  less,  and  because  its  character  is  such,  it  ou^ht  to  lie  under 
scientific  control.  Astronomers  everywhere  should  be  on  their  guard  and 
not  let  the  discussion  be  turned  from  the  main  issue. 


Triangulating  in  Coma  Berenices.  Dr.  W.  L.  Elkin,  of  Yale  Universitj',  is 
now  carrying  on  the  triangulation  of  the  principal  stars  in  Coma  Berenices 
by  the  aid  of  the  heliometer.  By  his  request  observations  of  the  relative 
positions  of  some  of  these  stars  are  being  made  by  tlie  Meridian  Circle  at 
Carleton  College  Observatory  to  aid  Dr.  Elkin  in  this  another  important 
piece  of  his  heliometer  work. 


School  of  Practical  Astronomy  and  Mathematics.  B3'  reference  to  an- 
notinccment  elsewhere  given,  it  will  appear  that  the  advantages  for  study 
in  post-graduate  lines  will  be  considerably  extended  during  the  coming 
year.  Students  or  teachers  having  completed  the  ordinary  college  course, 
and  desiring  better  knowledge  of  the  branches  of  mathematics  and  astron- 
omy, are  respectfully  asked  to  consider  the  facilities  now  offered  by  Carleton 
College  Observatory  in  these  special  lines.  The  new  astronomical  instrti- 
ments  that  will  be  in  place  next  month,  and  the  various  kinds  of  original 
practical  work  already-  begun  will  suggest  the  rare  opportunities  for  study 
offered  at  this  institution.  For  particulars  correspond  with  the  Director  of 
the  Observatorv. 
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New  Rooms  for  the  Astronomical  Society  of  the  Pacific.  On  the  even- 
ing of  March  28  the  Astronomical  Society  of  the  Pacific  held  its  second 
annual  meeting  in  the  new  rooms  allotted  to  it,  in  the  new  building  of  the 
California  Academy  of  Sciences,  located  on  Market  street,  San  Francisco. 
In  one  of  the  local  papers  of  March  29  we  notice  the  following  statement: 
"Mr.  Charles  Burckhalter,  secretary,  read  the  proceedings  of  the  Board  of 
Directors,  among  which  were  acts  relating  to  the  distribvition  of  the  Dono- 
hoe  Comet  medal,  bA'  which  the  laws  governing  its  award  were  consider- 
ablv  modified.  It  appeared  that  although  the  medal  had  been  earned  six 
times  since  its  foundation,  it  was  onW  accepted  by  five  of  the  discoverers 
since  Professor  Barnard  of  Mount  Hamilton,  who  had  all  along  contended 
that  the  reward  should  not  attach  to  the  re-discovery  of  periodic  comets, 
chose  the  occasion  of  his  finding  d 'Arrest's  comet  last  year  to  refuse  the 
medal,  and  to  request  that  the  conditions  be  changed.  It  will  now  be  given 
onK'  for  the  first  discovery  of  a  periodic  comet,  and  not  for  its  earliest  de- 
tection at  a  subsequent  return.  The  dates  of  the  Mount  Hamilton  meet- 
ings are  also  changed,  making  these  come  but  twice  during  the  year. 


Solar  Disturbances  and  Terrestrial  Magnetism.  Last  month  a  private 
letter  of  unusual  interest  was  received  from  T.  S.  H.  Shearmen  of  Brant- 
ford,  Canada,  in  which  he  speaks  of  the  fact  that  Professor  Yoimg  has  re- 
cently called  attention  to  the  re-discovery  in  the  United  States,  that  there  is 
a  connection  between  the  visibility  from  the  earth  of  solar  disturbances  and 
terrestrial  magnetism.  Mr.  Shearmen  claims  that  he  detected  the  relation 
in  question  nine  years  ago,  and  that  he  secured  the  right  to  the  discovery 
by  publishing  an  account  of  his  conclusions  in  a  newspaper  under  a  nom  de 
plume.  The  reasons  for  so  publishing  the  account  seemed  to  him  good  at 
the  time,  and  we  do  not  wonder  at  his  course  as  explained. 

The  announcement  was  published  in  the  London  (Canada)  Free  Press, 
Nov.  27,  1882,  a  copy  of  which  is  believed  to  be  still  on  file  in  the  office  of 
publication.  We  have  asked  Mr.  Shearmen  to  give  our  readers  an  account 
of  his  discovery. 


Washington  Magnetic  Observations  for  1888-89  is  a  volume  of  100 
pages  accompanied  bj'  fourteen  large  maps  giving  automatic  records  of  in- 
struments. Jhis  volume  contains  a  brief  descrii)ti<)n  of  buildings,  instru- 
ments, observations,  manner  of  reducing  them,  jK^rsonncl,  explanation  of 
tables  and  plates.  Then  follows  the  tabulated  observations  wliich  occu])y 
about  nine-tenths  of  the  book. 

Carlctnn  College  Observatory  Library  has  been  favored  by  copies  of 
publications  from  the  Koynl  Observatory  of  Greenwich,  as  follows: 

Greenwich  Magnetical  and  Meteorological  ObsorvMtioiis  for  1888. 

Greiniwich  Antronomicnl  Results  for  1SH8. 

Greenwich  Si)cctro8copical  and  Photographic  Kisuits  lor  isss.aiid  also 
for  IHKU. 

These  are  valuable  records. 

Errntn.  In  April  numl)er  of  Mkssknghk.  line  l.'l,  page  171,  0".8  should 
read  O"  om      hi  January  issue,  jMigc  0,  line  10,  from  IxXtotu  ;/  should  read  C. 
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Emersion  of  Rhea  from  an  Eclipse.  On  the  evening  of  Wednesday, 
April  8th,  while  looking  at  Saturn  with  a  friend,  we  noticed  that  Rhea  was 
missing,  and  on  examining  the  ephemeris  found  that  the  satellite  must 
he  either  behind  the  planet,  or  else  immersed  in  its  shadow. 

At  8''  5G'".0  [Eastern  Standard  Time],  she  reappeared  rather  suddenh', 
about  3"  from  the  planet's  eastern  limb,  and  opposite  the  parallel  of  60° 
or  70°  of  south  latitude.  At  first  the  satellite  was  ver3'  faint,  btit  it  rajMdh' 
brightened,  and  in  about  three  and  a  half  or  four  minutes  had  recovered  its 
normal  brilliance ;  this  would  indicate  for  it  a  diameter  of  from  twelve  to 
fifteen  hundred  miles.  The  eye-piece  was  an  achromatic  giving  a  power  of 
about  500. 

At  this  time  Tethys  was  approaching  its  northern  conjunction  with 
the  western  extremity  of  the  ring,  and  Enceladus  was  skirting  the  southern 
edge  of  the  eastern  ansa;  both  of  them  apparentl)'  very  closely  on  time. 
Mimas  was  not  seen,  and  according  to  the  ephemeris  was  then  on  the 
planet's  disc. 

The  seeing  was  only  fairly  good,  so  that  the  Cassinian  division  was 
visible  only  at  the  ends  of  the  ring,  and  was  not  very  easy  to  make  out 
even  there.  The  gauze  ring  was  well  seen  in  the  ansae,  but  where  it  crossed 
the  ball  was  lost  in  the  shadow  of  the  other  rings.  The  planet's  belts 
were  conspicuous,  but  no  spots  were  visible  upon  the  disc.  At  times  the 
so-called  "square-shouldered"  form  of  the  ball  was  rather  striking;  but  on 
hiding  either  end  of  the  ring  behind  an  occulting  bar,  the  appearance  van- 
ished on  that  side  of  the  planet,  showing  the  peculiarity  to  be  a  mere  illu- 
sion, due  to  the  cutting  down  of  the  irradiation  of  the  equatorial  diameter 
of  the  planet  by  the  brightness  of  the  adjacent  part  of  the  ring. 

Princeton,  N.  J.,  April  10,  1891.  C.  A.  Young. 


New  Annalen  der  K.  Sternwarte  in  Bogenhausen  hei  Munchen.  This 
publication  is  issued  imder  the  direction  of  Hugo  Seeliger  and  is  the  first 
volume  of  the  new  series.  It  is  a  volume  of  717  pages  of  large  quarto  form, 
and  contains  a  catalogue  of  33082  stars,  ranging  in  magnitude  usually 
from  7  to  10.  Each  page  has  ten  columns  with  heads,  as  follows:  star 
number,  magnitude,  right  ascension  for  1880,  No.  Obs., precession  for  1880, 
declination  for  1880,  No.  Obs.,  precession,  epoch,  and  reference  catalogues. 
This  volume  has  a  full  introduction  giving  a  description  of  instruments  and 
methods  of  reduction. 


Standard  for  Wave-Length  in  the  Spectrum  Analysis.  In  April  Observ- 
atory (English)  is  a  brief,  incisive  letter  by  Dr.  J.  Scheiner,  on  the  stan- 
dard of  wave-lengths  to  be  used  by  practical  workers  in  spectrum  anah'sis. 
It  vvras  written  chiefly  to  answer  one  point  of  criticism  by  Miss  Gierke  in 
these  words:  "Unfortunately,  however,  the  wave-lengths  are  given  in  a 
Potsdam  scale,  the  introduction  of  which  is  equally  unnecessary  and  un- 
desirable. Angstrom's  scale  can  not,  of  course,  be  permanently  retained, 
but  Rowland's  is  its  destined  successor,  and  the  multiplication  of  standards 
should  be  strenuously  resisted."  On  this  point  Dr.  Scheiner  sa^'s:  "I 
should  like  to  hear  upon  what  grounds  Miss  Gierke  bases  the  inference  that 
Rowland's  tables  are  to  be  the  successors  of  Angstrom's?    Upon  ground,  I 
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fear,  artistic  rather  than  scientific.  There  can  be  no  doubt  that  Rowland's 
tables  are  finer  than  the  Potsdam  ones,  nor  that  they  are  the  best  which 
exist,  unfortunately  Professor  Rowland  has  not  given  a  Catalogue  cf  all 
bis  lines  from  exact  measurement  of  the  negatives.  The  wave-lengths  from 
the  Rowland  tables  can  be  employed  for  manA'  purposes  but  not  for  all — for 
example,  for  the  reduction  of  photographic  stellar  spectra,  they  are  not 
sufficiently-  complete.  The  Potsdam  wave-lengths  can  be  employed  for  alt 
purposes.  I  know  no  other  catalogue  of  such  completeness.  Moreover, 
the  Rowland  standards  have  been  changed  from  time  to  time,  and  there  is 
no  publication  which  makes  directly  evident  the  method  b3'  which  the 
Rowland  standards  were  calculated.  They  all  depend  on  the  wave-length 
of  one  single  line." 

In  comparing  the  Rowland  Chart  and  the  Potsdam  Catalogue,  Dr. 
Scheiner  thinks  they  are  Uke  a  fine  chart  of  the  heavens  and  a  meridian 
catalogue  of  stars.  The  chart  is  indispensible  for  orientation,  and  useful  in 
some  cases  for  positions,  but  generally  the  catalogue  must  be  consulted  for 
positions.  He  says  he  has  advised,  in  his  new  book,  the  use  of  the  one  for 
orientation,  the  other  for  calculation,  and  that  the  constant  differences  be- 
tween Rowland  and  Potsdam  are  small  and  that  there  is  no  difficulty  in 
finding  Rowland's  lines  from  Potsdam's  wave-lengths.  Dr.  Scheiner  holds 
the  common  view,  that  "the  multiplication  of  standards  should  be  strenu- 
ously resisted." 


Accurate  Measures  by  Mr.  Keeler.  Some  very  astonishing  facts  appear 
in  the  study  of  Mr.  Keeler's  work  with  the  sjiectroscope  at  Lick  Observa- 
tory. His  own  general  statement  will  indicate  something  of  what  we 
mean.  He  says  that  he  would  "with  some  confidence  undertake  to  deter- 
mine the  month  of  the  year,  by  measuring  the  distance  of  the  principal  line 
(in  the  spectrum  of  the  nebula  of  Orion)  from  the  lead-line  used  in  the  com- 
parison spectrum. 


Professor  John  Haywood,  Otterbein  University,  Westerville,  Ohio,  on 
the  evening  of  April  10,  observed  an  unusual  display  of  facuhe  near  the 
eastern  limb  of  the  sun,  and  on  the  southern  spot  zone. 


Peculiar  Star  OcculLuLiun.  On  the  evening  of  April  11,  I  observed  the 
immersion  of  a  star  in  Taurus,  6.5  or  7  magnitude,  60"  from  the  north 
IKjint,  10°  from  the  vertex.  The  star  disapi)earcd  at  8''  10'"  1",  Central 
standard  time;  reappeared  and  disappeared  again  about  one  second  after 
the  first  disapiK-arnncc.  The  moon's  altitude  was  20",  the  definition  in  the 
vicinity  of  the  moon  was  unsteady  ;  the  details  of  the  moon  would  be  very 
distinct  for  an  iiisttint,  then  blurred.  It  would  thus  seem  tiiat  the  action  of 
the  earth's  atmosphere  would  account  for  the  above  double  disappearance. 

J.  A.  Parkhurst. 


U,  W.  Lawtoa,  Jackson,  Mich.,  in  a  recent  private  letter  gives  an  inter- 
esting account  of  the  new  small  Observatory  that  he  is  erecting  at  the 
above  named  place. 
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Observatory  at  Dakota  Agricultural  College.  We  admire  the  earnest 
purpose  of  President  Lewis  McLouth,  Agricultural  College,  Brookings, 
Dakota,  in  bringing  that  institution  promptly  to  the  front  rank  in  general 
scientific  work.  He  has  already  ordered  an  astronomical  outfit  from  Mr. 
G.  H.  Saegmuller  of  Washington,  D.  C,  consisting  of  a  five-inch  equatorial 
telescope  with  driving-clock,  micrometer,  etc.,  2-inch  transit  instrument, 
clock  and  chronograph.  He  purposes  to  build  a  small  Observatory  and  to 
determine  his  longitude  early  this  summer. 


•  Photographic  Notes.  The  Report  of  the  Washington  University  eclipse 
party  contains  much  of  interest  on  the  photographic  work  done  at  the  time 
of  the  eclipse  on  Jan.  1,  1889.  The  method  of  exposure  and  careful  manip- 
ulation in  development  are  described  with  interesting  detail.  Professor 
Charropin  states  that  the  protuberances  are  found  to  contain  more  actinic 
rays  than  the  corona.  Professor  Pritchett  calls  attention  to  the  fact  that 
negatives  of  short  exposure  are  characterized  by  sharp  definition  of  the 
polar  filaments,  while  those  of  longer  exposures  show  the  streamers  of  the 
outer  corona.  He  closes  his  report  with  the  following  statement:  "The 
testimony  of  the  negatives  of  the  corona  of  January  1889,  is  to  confirm 
the  opinion  already  held  that  there  is  a  characteristic  form  of  the  corona 
corresponding  to  periods  of  sun- spot  maxima  and  minima."  Artot^'jies  of 
five  of  these  negatives  are  published  with  the  report. 

The  Scientific  American  of  April  11  devotes  three  columns  to  an  article  by 
Nicolas  Pike  on  "  Photography  as  it  was  and  is."  Mr.  Pike  traces  in  an  in- 
teresting and  concise  way  the  history  of  photography  from  the  time  of 
Baptista  Porta,  who  discovered  the  camera  obscura  in  the  sixteenth  cen- 
tury. Of  especial  interest  are  his  statements  in  regard  to  the  photography 
of  color,  paKt  and  present.  Sir  John  Herschel  is  named  as  being  undoubt- 
edly the  first  discoverer  of  a  method  for  color  photography ;  at  about  the 
same  time  Sir  Robei-t  Hunt  secured  many  colored  pictures  of  the  spectral 
rays,  dark  upon  a  bright  ground ;  ten  years  later  M.  Edmund  Becquerel 
produced  on  metallic  plates  the  colors  of  the  spectrum.  In  1856  Mr.  Pike 
visited  Dr.  Diamond,  of  Surrey-,  England,  of  whose  pictures  he  says:  He 
showed  me  the  only  good  picture  I  have  ever  seen  made  with  a  camera 
and  lens  in  colors.  It  was  a  view  of  an  old  fashioned,  two-story,  frame 
clapboarded  house,  with  moss  and  lichens  in  manj'  places  over  the  doors 
and  windows.  The  picture  was  partly  colored,  the  lichens  showing  their 
yellow  and  gray  markings,  and  the  house  of  a  dark  brown  color.  It  was 
very  pretty  but  the  doctor  said  it  was  taken  while  he  was  experimenting, 
and  he  could  not  account  for  it." 

Mr.  F.  Bligh  Bond  of  Bristol  has  on  exhibition  a  colored  photograph 
of  Land's  End  said  to  have  been  taken  directl}'  from  a  set  of  three  nega- 
tives ;  it  is  printed  in  blue,  carmine  and  3'ellow. 

Professor  Lippmann's  claims  to  the  production  of  color  films  are  seri- 
ously doubted  b3'  the  British  Journal  of  Photography. 

Mr.  Ran^ard  made  the  following  statements  before  the  Ro3'al  Astro- 
nomical Society:  "We  cannot  rely  upon  the  star  images  being  condensed 
in  the  same  way  by  different  object-glasses,  or  even  with  the  same  object- 
^lass  on  different  parts  of  the  plate.    The  rapidity  of  the  photographic  ac- 
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tion  is  intimately  associated  with  the  way  in  which  the  light  from  a  lumi- 
nous point  is  collected  into  a  point  or  a  patch  on  the  sensitive  plates.  There 
is  also  a  great  difference  in  the  transparency  of  the  air  for  the  photo- 
gi-aphic  rays  from  hour  to  hour;  so  that  we  shall  not  be  able  to  rely  on 
star  magnitudes  derived  from  the  duration  of  the  exposure." 

At  the  Greenwich  Observatory  the  following  plates  have  been  tried  in 
astro-photographic  work:  Wratten  and  Wainright,  Seed  Company',  and 
Star;  a  slight  preference  is  expressed  for  the  Star  plates. 

Speaking  of  change  in  the  transparency  of  the  air  Mr.  Roberts  says : 
"  The  companion  of  Polaris  is  about  the  9th  magnitude.  I  have  been  able 
to  photograph  it  on  some  nights  in  a  single  second,  and  at  other  times  it 
takes  a  minute. 


Meeting  of  the  Astronomical  Society  of  the  Pacific,  March  28,  1891. 


The  Societ3'  met  for  the  first  time  in  the  lecture  hall  of  the  new  building 
of  the  California  Academ3'  of  Sciences,  President  Holden  in  the  chair. 

The  thanks  of  the  Society  were  returned  to  the  California  Academy  of 
Sciences  for  their  invitation  to  hold  its  San  Francisco  meetings  in  the  lec- 
ture hall  of  the  Academy  building,  and  the  invitation  was  accepted. 

At  the  meeting  of  the  Directors,  held  in  the  society's  rooms,  twenty-one 
members  were  elected  as  follows : 

Miss  Elizabeth  H.  Pearson,  No.  219  Savin  Hill  avenue.  Boston,  Mass.; 
Lewis  A.  Pagin,  No.  122  South  Market  street,  Chicago,  111.;  A.  L.  Smith, 
No.  23  Washington  street,  Chicago,  111.;  Francis  G.  Du  Pont,  Wilmington, 
Del  ;  Mrs.  Sarah  B.  Gamble,  No.  1222  Pine  street,  San  Francisco;  Joseph 
B.  Walker,  Geological  Surve}-,  Austin,  Tex.;  Miss  Estella  Guppy,  San  Josd, 
California;  Oliver  E.  Pagin,  Room  40,  United  States  Custom  House,  Chi- 
cago, 111.;  F.  S.  Archenhold,  57  Invaliden  strasse,  Berlin,  Germany;  S.  Wil- 
son Fisher,  150;2  Pine  street,  Philadelphi.-i,  Pa.;  Camilo  Martin,  4IIV2  Cali- 
fornia street,  San  PVancisco;  Charles  T.  Blake,  Berkeley,  Cal.;  L.J.  Holton, 
1207  Seventeenth  street,  .\lanieda,  Cal.;  Harry  W.Svz.^lO  California  street, 
San  Francisco;  C.  B.  Kendall,  137  Montgomery  street,  San  Francisco;  Cal- 
ifornia Camera  Club,  819  Market  street,  San  Francisco;  Professor  Meller 
W.  Haskell,  University  of  Calilornia,  Berkeley';  Archer  B.  Pierce,  University 
of  California,  Berkeley;  William  Sturtevant  Harlow,  Oakland,  Cal.;  A.  R. 
Blake,  Berkeley,  Cal.;  T.  C.  Johnson,  27  Market  street,  San  Francisco. 

Mr.  H.  F.  Newall,  Observatory,  Cambridge,  England;  J.C.Cebrian  and 
Dr.  J.  Callandreau,  of  San  I-^ancisco,  were  elected  lite  members. 

At  the  regular  meeting,  the  committee  on  nominations  reported  the  fol- 
lowing names  for  Directors  and  Committee  on  Pul)lication  : 

For  Board  of  Directors— Wm.  Alvord,  Cliarles  Burckhalter,  Chas.  B. 
Hill,  S.  G.  Hillborn,  E.  S.  Holden.  James  E.  Kceler,  E.  J.  Molera,  Wm.  M. 
Pierson,  J.  M.  Schacl>crlc.  Frank  Sould,  F.  R.  Ziel. 

For  Publication  Committee — E.  S.  Holden,  James  E.  Kecler,  Chas.  G. 
Yale.  The  ticket  was  unanimously  elected,  Messrs.  McConnell  and  Veede 
acting  a«  tellcrn. 

The  Treasurer  made  the  following  report : 

Receipts  for  the  year, $l,9H0.r.3 

Iix|KMi«liturc8  for  the  year,        .       .       -       .  2,34'7.H9 

ChhI)  in  bank,  -  -        .        -        -        -  74"l.(»r) 

Over  $1,U()0  in  Hlill  due  frotn  members  fur  dues  fur  the  present  year. 
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The  above  expenditures  do  not  include  the  amount  expended  for  the 
Library. 

The  Alexander  Montgomery  Library  Fund  of  the  Society  shows  $1,590 
and  the  Donohue  Comet  Medal  Fund  $527,  both  the  above  funds  being  in 
savings  bank  bearing  interest. 

The  Library  Committee  reported  that  the  library  has  491  volumes,  431 
of  which  were  purchased  from  the  Montgomery'  Library  Fund.  The  cost 
of  the  library  to  date  has  been  $1,017.50,  and  non-resident  members  may 
draw  books  by  mail — the  member  withdrawing  the  books  paying  the  post- 
age. 

The  Committee  on  Comet  Medal  reported  that  five  medals  had  been 
awarded  as  follows:  To  Messrs.  Brooks,  Coggia,  Denning,  Spitaler  and 
Zona,  for  comets  a,  b,  c,  e  and  f,  1890.  The  medal  is  awarded  only  for  un- 
expected comets. 

Article  IX.  of  the  by-laws  was  changed  so  that  hereafter  there  will  be 
two  meetings  at  the  Lick  Observatory  each  year,  viz.,  the  second  Saturday 
in  June  and  the  first  Saturday*  in  September. 

A  committee  consisting  of  Professor  G.  W.  Hough,  G.  E.  Hale,  G.  A. 
Douglas  and  R.  W.  Pike,  of  Chicago,  Wm.  M.  Pierson  and  C.  B.  Hill,  of  San 
Francisco,  and  A.J.  Burnham,of  Lick  Observatory,  was  appointed  to  make 
arrangements  for  an  astronomical  exhibit  at  the  Columbian  Exposition  in 
Chicago. 

The  following  papers  were  announced  : 

a.  The  Fireball  in  Raphael's  Madonna  di  Foligno,  by  Professor  H.  A. 
Newton,  Yale  University. 

b.  On  the  Similarity  of  Certain  Orbits  in  the  Zone  of  Asteroids  (second 
paper)  bj'  Professor  Kirkwood,  Riverside. 

c.  Astronomical  Observations  in  1890,  b3-  Torvald  Kohl,  Denmark. 

d.  Address  of  the  Retiring  President  of  the  Society,  by  Professor  Hol- 
den,  Mt.  Hamilton. 

e.  A  few  Hints  to  Beginners  in  Solar  Observations,  by  Miss  E.  Brown, 
of  England. 

f.  Lunar  Work  for  Amateurs,  by  Thomas  Gwyn  Elger,  F.  R.  A.  S.,  of 
England 

^.  The  Total  Solar  Eclipse  of  January,  1889,  by  Professor  H.  S.  Pritch- 
ett,  Washington  University,  St.  Louis. 

The  chairman  announced  the  presence  of  Lord  Rosse.  The  Earl  was  in- 
troduced and  said  that  he  did  not  propose  to  read  all  the  papers  that  he 
had  before  him,  but  would  make  a  few  remarks  about  reflecting  tele- 
scopes. He  said  that  he  had  worked  with  reflectors  and  was  naturally  a 
special  pleader  in  their  favor.  He  had  just  seen  the  great  refractor  at  Mt. 
Hamilton  and  w^as  much  pleased  with  it.  A  three-feet  reflector  can  be 
built  for  less  money  than  a  three-feet  refractor.  The  one  built  by  his  father 
has  a  diameter  of  six  feet.  Before  claiming  any  advantage  each  should  be 
tested  and  given  a  fair  trial.  His  telescope  was  made  by  native  workmen. 
It  is  naturally  inferior  to  what  could  be  made  to-day.  His  father's  idea 
was  to  follow  Sir  William  Herschel  and  sweep  the  heavens  and  resurvey 
the  2000  nebula?  in  his  catalogue.  One  of  the  great  advantages  of  a  large 
object  glass  is  to  furnish  so  much  light  to  the  eye  as  to  enable  us  to  see 
objects  which  could  not  be  seen  otherwise.  When  it  comes  to  work  with  a 
spectroscope,  or  when  you  want  to  photograph  a  nebula,  an  instrument 
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made  fifty  A'cars  ago  requires  some  changes.  There  is  some  trouble  in 
keeping  the  speculum  in  place,  but  the  trouble  is  purely  mechanical.  It  is 
difficult  to  compare  reflectors  with  refractors.  In  the  case  of  photography  , 
•with  the  refracting  telescope  3'ou  cannot  get  the  rays  to  blend  together* 
This  trouble  does  not  exist  with  the  reflector.  We  should  give  the  reflec- 
tor a  fair  trial.  In  Paris  two  j-ears  ago  it  was  decided  that  reflectors  were 
best  for  photography.  In  measuring  the  heat  from  the  moon  the  reflector 
will  do  the  best  work.  He  was  astonished  to  see  the  number  of  people 
visiting  the  Observatory  at  Mount  Hamilton.  In  England  no  such  interest 
is  manifested. 

The  thanks  of  the  society  were  given  to  the  Earl  of  Rosse  for  his  ex- 
planation of  reflectors.  Professor  Holden  said  that  when  the  great  tele- 
scope W.1S  finished  at  Washington  it  was  his  work  to  go  over  the  observa- 
tions of  Sir  William  Herschel  and  he  had  compared  his  with  those  of  Lord 
Rosse  and  had  found  his  work  absolutely  correct.  The  reflector  has  a 
priceless  advantage  for  photograph}-.  The  question  of  supporting  the  spec- 
ulum is  purely  mechanical.  In  spectroscopy  and  photograph}'  the  reflector 
is  the  best,  but  there  is  a  place  for  both  side  by  side. 

The  President's  report  was  read,  showing  that  the  society  started  two 
years  ago  with  40  members,  and  now  had  380. 

The  societ}'  has  members  in  twent3'-six  states  of  the  Union,  and  nine- 
teen foreign  countries.    There  are  42  life,  and  338  active  members. 

After  the  regular  meeting  the  newly  elected  directors  held  a  meeting  at 
which  the  following  officers  w^ere  elected  to  serve  for  the  ensuing  year: 

Wra.  M.  Pierson,  president;  Frank  Soul^,  J.  M.  Schaeberle,  E.J.  Molera, 
vice-presidents;  J.  E.  Keeler,  Charles  Burckhalter,  secretaries;  F.  R.  Ziel, 
treasurer. 

The  next  meeting  will  be  held  in  the  library  of  Lick  Observatory,  June 
13th.  Chas.  Burckhalter, 

Secretary. 
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Elements  of  Plane  and  Spherical  Trijjonometry.    By  Edward  S.  Crawley, 

Assistant  Professor  of  Mathematics  in  the  University  of  Pennsylvania. 

Publishers,   Messrs.   J.   B.  Lippincott    Company,   Philadelphia,    1800. 

pp.  159. 

The  aim  of  the  author  in  this  book  has  been  to  present  that  portion  of 
the  subject  of  Trigonometry  which  is  generally  given  in  a  college  course,  in 
as  clear  and  concise  form  as  possible.  The  first  jiart  of  the  branch  is 
worked  out  in  detail  carefully ;  later  the  student  is  thrown  upon  his  own 
resources,  the  object  being  to  develop  him  in  the  power  of  making  intelli- 
gent use  of  the  materials  found  in  the  earlier  part  of  his  course.  In  the 
chapter  on  the  solution  of  oblique  spherical  triangles  two  methods  are 
given  for  each  of  the  ordinary  cases,  one  by  Napier's  Analogies,  the  other 
by  menus  of  a  ix.'rpendicular.  This  is  a  useful  feature.  Tlic  grouping  of 
most  imporlnnl  fornuihe  at  the  end  of  the  book  is  also  very  desirable.  The 
book  is  well  iilaiuied  for  llic  use  of  the  class-room,  and  it  appears  in  an 
orderly,  neat  and  easy  typographical  dress  which  its  publishers  know  how 
•o  well  to  fiiniiHii. 
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PHOTOGRAPHY   AND  THE  INVISIBLE  SOLAR   PROMINENCES. 

}U'  OHOKGH   K.   H.\Mv.* 
"FoK  TiiK  Mksskngkk. 

In  1868  a  new  field  of  investigation  was  opened  to  astron- 
omers bv  the  discovery  of  a  metliod  of  observing  the  solar 
prominences  in  full  sunshine.  Hidden  by  the  overpowering 
glare  of  the  atmosphere  the  prominences  had  remained 
invisible  except  when  a  total  eclipse  allowed  them  to  be 
seen  rising  above  the  limb  of  the  moon.  But  in  the  hands 
of  Janssen  and  Lockyer  the  great  dispersion  of  powerful 
spectroscopes  weakened  the  atmospheric  spectrum  until  the 
bright  ])romincnce  lines  could  be  seen  upon  it,  and  it  was 
then  only  necessary  to  open  the  slit  of  the  spectroscope,  thus 
bringing  to  view  the  prominences  themselves.  Many  astron- 
omers took  up  the  new  method  of  research,  and  countless 
phenomena  of  the  greatest  interest  and  value,  became  the 
objects  of  systematic  investigation.  In  the  course  of  time  it 
naturally  occurred  to  some  that  the  prominences  might  be 
photographed,  and  several  methods  were  devised  for  accom- 
plishing this  result.  One  of  these  is  described  by  Dr.  Braun 
in  the  "  Berichten  von  dem  Haynald-Observatorium  in  Ka- 
locsa,"  but  it  required  apparatus  of  a  special  nature,  and 
has  never  been  tried  in  practice.  Dr.  Lohse  of  Potsdam  de- 
voted considerable  attention  to  the  problem,  and  invented  a 
"rotating  spectroscope  "of  such  ponderous  proportions  that 
mechanical  difficulties  alone  would  easih'  account  for  its 
failure.  In  1870  Professor  Young  obtained  photographs  of 
two  prominences  through  the  Hr  li"e  and  a  wide  slit,  but 
the  evident  defects  of  the  method  were  visible  in  the  pictures 
thus  made,  and  nothing  more  was  done  in  this  direction. 
Thus  for  many  years  nothing  was  learned  about  the  promi- 
nences by  the  aid  of  photography. 

*  Kenwood  Physical  Observatorj',  Chicago,  111. 
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This  was  the  situation  in  the  summer  of  1889.  The  im- 
portant advances  accomplished  by  the  use  of  photographic 
processes  in  other  fields  of  astronomical  research  led  me  to 
the  conclusion  that  another  attempt  should  be  made  to 
photograph  the  prominences,  and  I  accordingly  devised  two 
new  methods  for  this  purpose.  In  the  first  of  these  the 
image  of  the  sun  was  to  drift  across  the  radial  slit  of  a 
powerful  spectroscope,  the  driving-clock  of  the  telescope 
being  slowed  to  produce  the  drift.  It  is  evident  that  if  the 
prominence  were  on  the  limb  the  length  of  any  bright  line  at 
the  focus  of  the  spectroscope  would  define  the  height  of  the 
prominence,  and  as  the  sun  drifted  across  the  slit  this  line 
would  continually  change  in  length.  If  now  the  line  in  use 
were  made  to  pass  through  a  slit  just  within  the  focus  of  the 
observing  telescope  of  the  spectroscope  (called  hereafter  the 
"second  slit")  so  as  to  be  in  focus  on  a  plate  beyond  the 
slit,  it  is  easily  seen  that  all  that  is  required  to  photograph 
the  prominence  is  to  move  the  plate  slowly  at  right  angles 
to  the  second  slit.  Fresh  portions  of  the  plate  are  thus  ex- 
posed to  corresponding  portions  of  the  prominence,  and  the 
prominence  image  is  built  up  from  a  succession  of  bright  line 
images  of  the  slit. 

The  second  method  proposed  accomplishing  a  similar  re- 
sult in  a  different  manner.  The  clock  of  the  equatorial  is  so 
adjusted  that  the  image  of  the  sun  is  kept  in  a  fixed  posi- 
tion. The  plate  on  the  end  of  the  collimator  which  carries 
the  slit,  is  then  slowly  moved  across  the  sun's  limb  at  the 
point  where  the  prominence  is  present,  and  a  second  slit, 
moving  at  the  same  speed  before  a  stationary  plate,  ex- 
cludes the  light  from  the  spectrum  on  cither  side  of  the  line 
in  use,  and  reduces  fogging  to  a  minimum. 

The  investigations  carried  on  £it  the  Harvard  Observatory 
in  1881)  and  1890,  with  the  apparatus  as  originally  de- 
signed, has  been  already  described,*  and  need  not  be  re- 
ferred to  at  length  here.  The  18-incli  silvered  mirror  of  the 
horizontal  telescope  employed  was  so  greatly  distorted  by 
the  sun's  heat  that  as  a  rule  no  trace  of  the  chromosphere  or 
prominences  coidd  be  seen,  and  of  course  i)h()t()grai)liy  un- 
der such  conditions  was  out  of  the  (piestion.    It  soon  be- 

•  Technology  Quarterly,  Vol.  Ill,  No.  4,  1890.    Astronomische  Nach- 
richten,  3000. 
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came  evident  that  an  equatorial  refractor  of  sufficient  size  to 
carry  my  large  diffraction  spectroscope  was  needed  for  the 
work,  and  instruments  of  the  highest  class  became  available 
through  the  kindness  of  Professor  Holden  and  Professor 
Young,  who  offered  the  use  of  the  36-inch  Lick  telescope, 
and  the  23-inch  Princeton  refractor.  It  was  decided  at  this 
time,  however,  to  complete  the  equipment  of  the  Kenwood 
Physical  Observatory  by  the  addition  of  a  12-inch  equato- 
rial refractor  built  especially  for  spectroscopic  work,  and 
this  instrument  was  completed  and  ready  for  use  early  in 
April  of  the  present  year.  An  excellent  object-glass  of  12.2 
inches  aperture  was  furnished  by  Brashear  in  an  incredibly 
short  time,  and  the  very  satisfactory  dome  and  mounting 
were  made  by  Warner  &  Swase3^  The  telescope  and  spec- 
troscope are  practically  united  into  a  single  instrument,  and 
for  rigidity  and  convenience  nothing  better  could  be  desired. 
The  prominences  are  shown  with  the  greatest  perfection  of 
detail,  and  the  principal  difficulty  encountered  with  the  hori- 
zontal telescope  is  thus  entirely  eliminated. 

Meanwhile  the  appar^itus  originally  designed  for  moving 
the  plate  cit  the  focus  of  the  s])ectroscope  has  undergone  im- 
portant modifications,  and  great  improvements  have  been 
effected.  All  ex])eriments  so  far  made  have  been  with  the 
first  method  described  above.  This  requires  a  moving  plate 
at  the  focus  of  the  spectroscope,  and  in  the  first  apparatus  a 
small  plate-holder  was  held  by  a  spring  clip  in  a  light  frame 
of  brass  tubing  sliding  between  V-shaped  guides.  After 
many  experiments  the  steadiest  motion  that  could  be  ob- 
tained was  derived  b3'  a  fine  wire  from  the  clock  of  the  hori- 
zontal telescope,  but  this  was  very  unsatisfactory,  and  the 
friction  of  the  guides  of  the  sliding-plate-holder  made  it  im- 
possible to  obtain  a  perfectly  smooth  and  uniform  motion. 
In  August,  1890,  I  planned  a  new  form  of  sliding-plate- 
holder,  in  which  the  friction  was  relieved  by  wheels  running 
on  knife  edges,  a  simple  change  giving  a  stationary  slit  and 
moving  plate,  or  a  moving  slit  and  a  stationary  plate.  But 
this  apparatus  was  never  constructed,  for  a  new  idea  oc- 
curred to  me  which  was  carried  out  in  an  apparatus  made 
by  Mr.  Brashear.  In  the  place  of  a  sliding-plate-holder  a 
rotating  cylinder  was  substituted,  and  around  this  a  strip 
of  thin  celluloid  photographic  film  is  wrapped,  and  held  by 
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a  spring  clips.  The  cylinder  is  held  in  a  small  brass  box  at- 
tached to  the  end  of  the  observing  telescope  of  the  spectro- 
scope, the  axis  of  the  cylinder  passing  through  the  top  of  the 
box,  and  carrying  the  pulley  b\'  which  the  cylinder  is  rotated. 
The  bottom  of  the  box  is  hinged,  so  that  the  cylinder  can  be 
removed  in  order  to  allow  the  second  slit  to  be  observed 
with  a  positive  eye-piece  passing  through  the  back  of  the 
box.  This  slit  can  be  opened  or  closed  b}^  turning  a  head  at 
the  side  of  the  box,  and  by  means  of  a  slide  passing  before 
the  slit  the  box  can  be  closed  and  removed  from  the  spectro- 
scope without  danger  of  exposing  the  film  to  the  light. 

A  means  of  producing  a  slow  and  uniform  motion  is  the 
other  requisite  of  the  method,  and  a  modified  form  of  clep- 
sydra is  attached  to  the  observing  telescope  for  this  purpose. 
A  well  packed  piston  slides  in  a  smoothly  bored  and  pol- 
ished brass  cylinder,  the  piston-rod  passing  through  stuffing 
boxes  in  each  head.  The  cylinder  is  filled  with  a  mixture  of 
equal  parts  of  glycerine  and  water,  and  by  the  motion  of 
the  piston  this  fluid  is  forced  through  a  small  brass  tube 
connecting  the  two  ends  of  the  cylinder.  A  valve  in  the  cen- 
ter of  the  tube  regulates  the  rate  of  flow,  and  this  is  con- 
trolled by  a  pointer  moving  over  a  divided  arc.  A  ten 
pound  weight  is  attached  to  one  end  of  the  piston-rod  by  a 
flexible  cord  of  braided  wires,  and  the  other  end  of  the  rod 
is  connected  with  the  pulley  on  the  axis  of  the  rotating  film- 
carrier  b}''  means  of  Ji  silk  cord.  A  small  "snap  rubber" 
passes  around  the  pulley  in  the  opposite  direction,  and  sup- 
plies the  necessary  tension.  It  has  been  found  that  below  a 
certain  speed  the  motion  of  the  small  clepsydra  used  cannot 
l)e  relied  upon  f's  being  entirely  uniform,  so  that  it  is  advan- 
tageous in  the  case  of  a  very  slow  drift  of  the  sun  across  the 
slit,  to  attach  an  arm  about  ten  inches  long  in  place  of  the 
pulley  on  the  axis  of  the  film-cylinder.  The  thread  from  the 
end  of  the  piston-rod  is  looped  over  a  i)in  on  the  circumfer- 
ence of  an  arc  at  the  extremity  of  the  arm,  and  as  the  radius 
of  the  film  cylinder  is  only  an  inch,  the  linear  velocity  of  a 
point  on  its  surface  will  be  only  one-tenth  thnt  of  the  end  of 
the  arm,  \\y  means  of  this  reduction  of  speed  the  clepsydra 
can  run  ten  times  as  fast  as  when  a  small  pulley  is  used,  and 
a  smooth  and  uniform  motion  is  easily  vSecured.  There  arc 
■ome   disadvantages,   however,  in   the  present  form  of  the 
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valve,  and  some  changes  and  further  improvements  will  be 
embodied  in  the  more  convenient  and  practical  type  of  ap- 
paratus now  being  worked  out. 

In  my  previous  publications  on  the  subject  of  prominence 
photography  I  have  advocated  the  use  of  the  C  line  on  ac- 
count of  the  sharp  and  bright  images  seen  through  it.  Its 
position  at  the  red  end  of  the  spectrum  precludes  the  employ- 
ment of  ordinary  silver  bromide  dr^'  plates,  and  I  have  con- 
sequently tested  a  number  of  sensitizers  for  red  light,  but 
none  of  them  have  given  a  sufficient  degree  of  sensitiveness. 
Cyanin,  alizarin  blue,  and  fresh  alcoholic  solutions  of  grass 
chlorophyll  increase  by  greater  or  less  amounts  the  sensi- 
tiveness of  ordinary  plates  to  red  light,  and  are  conse- 
quently very  useful  in  some  branches  of  spectroscopic  work, 
but  all  fall  short  of  the  requirements  of  prominence  photog- 
raphy. For  the  yellow  region  of  the  spectrum  erythosin  is  a 
most  valuable  dye,  and  it  is  probable  that  prominence 
photographs  through  D.,  may  be  obtained  by  its  use  as  a 
sensitizer.  F  has  not  yet  been  employed  in  this  work  with 
much  success,  but  it  is  expected  to  prove  useful.  H^  and  h, 
though  in  the  region  where  ordinary  plates  are  most  sensi- . 
tive,  are  rarely  very  bright,  and  the  nebulous  ch'aracter  of 
the  lines  is  much  against  them.  It  was  through  Hy,  how- 
ever, that  my  first  prominence  photograph  was  made. 

But  let  us  consider  for  a  moment  the  two  lines  which  to 
my  mind  form  the  most  interesting  group  in  the  solar  spec- 
trum. Situated  in  the  extreme  violet  the  H  and  K  lines  are 
at  about  the  limit  of  the  ordinary  vision.  Each  lies  almost 
hidden  at  the  center  of  a  dark  nebulous  shade,  within  which 
are  also  included  a  number  of  other  lines.  Both  H  and  K 
are  due  to  calcium,  and  though  they  are  probably  produced 
at  all  temperatures  from  the  Bunsen  flame  to  the  hottest 
star,  (as  I  soon  hope  to  show  in  a  paper  on  this  subject) 
they  imdergo  great  variations  in  intensity.  Everything 
tends  to  show  that  calcium  plays  a  most  important  part  in 
all  solar  phemomena.  It  was  found  by  Professor  Young  at 
Mt.  Sherman  in  1872  that  both  H  and  K  were  always  bright 
in  the  chromosphere  and  prominences,  and  the  same  thing  is 
shown  in  a  large  number  of  photographs  of  the  chromo- 
sphere and  prominence  spectrum  recently  made  here.  Profes- 
sor Young  also  observed  the  reversal  of  both  lines  in  spots. 
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and  in  all  photographs  which  I  have  made  of  spot  spectra  in 
this  region  both  lines  have  been  strongly  reversed,  in 
many  cases  when  none  of  the  hydrogen  lines  were  seen 
bright  over  the  spots.  It  is  thus  evident  that  either  H  or  K 
is  well  suited  for  photographing  the  prominences  by  my 
method,  especially  as  the  dark  shade  allows  the  use 
of  a  wider  second  slit  with  less  fogging  of  the  plate  than 
with  any  other  line  in  the  spectrum. 

But  most  important  of  all  is  the  means  thus  aiforded  of 
photographing  prominences  which  cannot  be  seen  by  the 
spectroscopic  method,  and  are  consequently  only  known 
through  photographs  taken  at  a  total  eclipse.  In  his  report 
of  the  eclipse  of  August  29,  1886,  observed  at  the  island  of 
Grenada,  Prof.  W.  H.  Pickering  writes  as  follows:  "Turn- 
ing now  to  the  spectrum  of  the  ])rominences,  most  of  them 
showed  the  usual  h3'drogen  lines,  accompanied  by  H  and  K. 
In  all  cases  the  latter  were  the  prominent  lines,  the  hydro- 
gen lines  F,  G,  and  h  being  decidedlv  weaker  and  less  con- 
spicuous, as  is  the  case  in  the  spectrum  of  the  sun.  Rutin 
the  largest •])rominence  of  all — one  that  rose  apparently  in  a 
.somewhat  spiral  form  to  the  altitude  of  150,000  miles — the 
only  lines  visible  were  the  H  and  K,  and  a  faint  trace  of  an 
ultra-violet  line,  about  half-way  between  K  and  L.  These, 
in  addition  to  a.brilliant  continuous  spectrum  in  the  visible 
region,  comprised  the  whole  of  its  light.  It  was  therefore 
quite  invisible,  before  and  after  totality,  by  the  usual  spec- 
troscopic method,  as  was  in  fact  noted  at  the  time  by  Pro- 
fessor Tacchini.  It  is  highly  probable  that  a  great  number 
of  i)rominences  pass  by  entirely  unnoticed,  because  we  rely 
solely  upon  visual  instead  of  photographic  methods  of  ob- 
servation."* 

Other  observations  bearing  on  the  same  ])()int  might  be 
guoted,  but  the  above  is  sufficient  to  show  that  the  invisible 
prominences  i)lay  no  unimportant  part  among  solar  ])lie- 
nomena.  Daily  records  are  kept  of  the  number  and  general 
forms  of  the  spots  and  prominences  visible  on  the  sun,  and 
in  discussing  the  relation  between  the  two,  the  invisible 
prominences  are  necessarily  left  out  of  account,  simply  be- 
cause up  to  the  present  time  there  has  been  no  method  by 

'     A.i.kmU  ..I    II-,,  v.,,.l   Culkvri.  ()|,s,,  v.ilni  V.       V,.I.    Will,   No.  V,  p.  ;»•». 
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which  they  could  be  observed  or  photographed.  It  is  evi- 
dent, however,  that  my  method  takes  no  account  of  the 
visibility  or  invisibilit}^  of  a  prominence,  but  will  photo- 
graph one  as  well  as  the  other  if  either  H  or  K  is  used.  In 
fact,  as  H  and  K  are  so  bright  in  the  invisible  prominences, 
they  will  be  the  easier  photographed.  The  following  record 
of  results  will  show  that  we  are  now  in  possession  of  a 
method  perfectly  capable  of  recording  the  forms  of  any  in- 
visible prominences  which  may  appear  upon  the  sun. 

Work  on  the  prominences  was  commenced  with  the  12.2- 
inch  equatorial  on  April  7,  1891,  and  the  lines  F  and  H;' 
were  employed,  the  dispersion  being  that  of  the  second  or 
third  order  of  a  14,438  Rowland  grating.  Some  time  was 
occupied  in  adjustment  of  the  apparatus  and  tests  of  the 
clepsydra,  and  the  first  photograph  showing  a  prominence 
was  made  through  the  H;'  line  of  the  second  order  on  May 
7,  the  sun  being  allowed  to  drift  across  a  narrow  tangential 
slit  without  employing  the  driving  clock  of  the  equatorial. 
Several  more  photographs  were  taken  through  the  same  line, 
but  although  they  all  showed  the  rough  outline  of  the  prom- 
inence, a  lack  of  contrast  made  them  appear  very  faint.  It 
was  then  decided  to  try  H  and  K.but  a  difficulty  arose  as  to 
a  means  of  bringing  these  faint  lines  on  to  the  second  slit. 
Induction  sparks  and  other  methods  did  not  prove  very  suc- 
cessful and  it  was  finally  decided  to  use  the  K  line  in  the 
fourth  order,  find  its  position  in  the  green  of  the  third  order 
by  taking  |  its  wave-length,  and  then  bring  this  point  in  the 
green  on  to  the  second  slit.  This  method  proved  entirely 
successful,  and  on  May  14  the  first  attempt  to  photograph 
a  prominence  with  the  apparatus  adjusted  for  the  K  gave 
the  best  result  obtained  up  to  that  time.  On  May  18,  a 
number  of  photographs  of  a  prominence  were  made  through 
the  same  line,  the  driving  clock  of  the  telescope  being  slowed, 
so  that  the  sun  drifted  about  Vs  inch  in  five  minutes  across  a 
narrow^  tangential  slit.  The  prominence  images  in  some  of 
these  photographs,  though  of  course  small,  show  strong 
contrast  and  considerable  detail,  yet  when  compared  with 
drawings  of  the  same  prominence  made  just  after  the  expo- 
sure through  the  C  line,  the  finer  details  of  structure  are 
missing  in  the  photographs.  If  an  invisible  prominence  had 
been  present   at    this  point  it   would  certainly   have  been 
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shown,  but  in  this  case  the  forms  through  C  and  K  were 
very  simihir.  A  search  for  invisible  prominences  will  shortly 
be  made  and  it  is  even  hoped  that  they  may  be  photo- 
graphed over  sun-spots  or  on  the  disk  itself,  though  the  diffi- 
culty- of  such  work  does  not  justify  much  confidence  in  its- 
success. 
Kenwood  Physical  Observatory, 
Chicago,  May  20,  1891. 


ON  THE  CHIEF   LINE  IN   THE  SPECTRUM   OF  THE  NEBULAE 


JAMKS    E.    KEEM:R.» 

As  my  paper  on  the  Motions  of  the  Planetary  Nebulae  in 
the  Line  of  Sightf  did  not  give  a  final  determination  of  the 
exact  position  of  the  chief  nebular  line,  and  might  therefore 
possibly  be  regarded  as  leaving  in  abeyance  the  question  as 
to  whether  that  line  could  be  regarded  as  a  remnant  of  the 
magnesium  iiuting,  I  beg  to  be  allowed  to  state  briefly  the 
results  of  some  more  recent  observations,  which  have  en- 
abled me  to  fix  with  great  accuracy  the  true  position  of  the 
chief  nebular  line. 

At  the  time  when  my  paper  on  the  motions  of  the  nebulae 
was  printed,  I  had  not  been  able  to  obtain  any  satisfactory 
comparisons  of  the  third  nebular  line  with  terrestrial  hydro- 
gen, all  the  nebulae  in  my  list  having  proved  to  be  too  faint 
for  the  purpose.  I  was,  therefore,  compelled  to  adopt  the 
mean  position  of  the  principal  line  for  the  ten  nebuhe  ob- 
served as  the  normal  position  from  which  to  measure  dis- 
placements, and  it  was  for  the  reason  that  the  ten  nebulae 
did  not  have  the  uniform  distribution  in  the  sky  which  was 
desirable  that  the  numerical  results  for  their  motions  were 
stated  as  "not  to  be  regarded  as  final." 

In  October,  1890,  when  the  Orion  nebula  came  within 
reach  of  the  telescope,  comparisons  of  the  third  line  with  the 
If/'nitu-  of  hydrogen  were  made  without  dilficuUy,  and  on 

*  Astrononur  nl  the  Lick  ()l)8i'rvnUirv. 

t  '  rubliintioiiH  «)f  the  Astronomical  Society  of  the  Pacific, 'No.  11,  p. 
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the  same  nights  the  position  of  the  principal  line  was  deter- 
mined. One  such  double  observation,  if  perfect,  completeh' 
solves  the  problem,  since  the  displacement  of  the  third  line 
gives  the  necessary  correction  to  the  position  of  the  first. 
The  only  question  is  in  regard  to  the  accuracy  of  the  obser- 
vations. 

It  is  evident  from  what  has  already  been  written  on  this 
subject  by  Dr.  and  Mrs.  Huggins,  Professor  Lockyer,  and 
myself,  that  the  answer  to  the  question  whether  the  chief 
nebular  line  is  coincident  with  the  edge  of  the  magnesium 
fluting  at  /  5006.4  depends  upon  very  small  difterences  of 
position,  differences  which  would,  in  fact, beconsidered small 
even  in  solar  spectroscopy.  But  their  minuteness,  although 
it  increases  the  practical  difficulty  of  observation,  does  not 
detract  from  their  importance,  since  absolute  coincidence  of 
spectral  lines  is  necessary  (although  not  alwa\'S  sufficient) 
to  establish  a  claim  to  identity  of  origin.  It  is  therefore 
necessary  to  determine  from  a  careful  considertition  of  the 
Lick  Observatory  measures  whether  they  are  of  a  sufficiently 
high  order  of  accuracy  to  prove  that  the  small  observed  in- 
terval between  the  nebular  line  and  the  magnesium  flut- 
ing is  real,  and  not  due  to  errors  of  observation. 

A  detailed  account  of  all  the  tests  to  which  the  apparatus 
was  subjected  cannot  be  given  here.  Nothing  that  sug- 
gested itself  was  omitted.  The  best  tests,  however,  both  for 
constant  and  for  accidental  errors,  are  afforded  by  observa- 
tions of  the  motion  in  the  line  of  sight  of  bodies  whose  mo- 
tion is  already  known.  As  an  example  of  such  observa- 
tions, I  may  refer  to  the  measures  of  the  motion  of  Venus  in 
the  liiiC  of  iyight  given  in  the  table  on  p.  270,  'Publications 
of  the  Astronomical  Society  of  the  Pacific, '  No.  11,  in  which 
the  greatest  error  is  one  English  mile  per  second.  Similar 
mefisures  of  the  displacement  of  lines  in  the  lunar  spectrum 
were  seldom  in  error  by  morfc  than  two  miles,  and  measures 
of  the  motion  of  «-  Tauri  and  «-Orionis,  usually  made  on  the 
same  nights  that  the  nebula  was  observed,  were  of  the  same 
order  of  accuracy,  as  determined  by  their  agreement  with 
each  other,  and  with  the  photographic  results  of  Professor 
Yogel. 

In  work  of  this  character  the  periodic  shifting  of  lines  in 
the  spectra   of   the  stars  and    nebulae  due  to   the   earth's 
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annual  motion  is  of  a  magnitude  not  to  be  neglected,  and  it 
should  appear  in  the  comparison  of  observations  made  at 
different  seasons.  So  faithfully  is  the  orbital  motion  of  the 
earth  reflected  in  my  observations  on  the  nebula  of  Orion, 
that  I  would  with  some  confidence  undertake  to  determine 
the  month  of  the  year,  by  measuring  the  distance  of  the 
principal  line  from  the  lead  line  used  in  the  comparison  spec- 
trum. 

With  these  remarks  on  thedegreeof  accuracy  which  charac- 
terizes the  observations,  I  give  below  the  results  which  have 
been  obtained,  up  to  the  present  time,  for  the  nebula  of 
Orion. 

From  sixteen  complete  measures,  made  on  eleven  different 
nights  (two  of  which  were  in  the  winter  of  1889-90),  the 
wave-length  of  the  principal  line,  corrected  for  orbital  mo- 
tion of  the  earth,  is  /  5006.22  ±  0.014,  the  probable  error 
corresponding  to  an  uncertainty  of  0.5  mile  per  second  in 
the  line  of  sight.  When  two  measures  were  made  on  the  same 
night,  they  were  always  in  different  spectra  of  the  grating. 

Ten  comparisons  of  the  third  nebular  line  with  terrestrial 
hydrogen  were  made  on  seven  nights  in  1890-91,  showing, 
when  corrected  for  the  orbital  motion  of  the  earth,  a  dis- 
placement of  the  nebular  line  toward  the  red  of  0.28  ± 
0.0026  tenth-metres.  This  corresponds  to  a  motion  of  re- 
cession of  the  nebula  from  the  sun  of  10.7  ±1.0  miles  per 
second. 

In  recent  comparisons  of  hydrogen  with  the  third  nel)ular 
line,  I  have  not  been  able  to  attain  the  small  ])robable  error 
of  IV^  miles  per  second  for  a  single  evening's  comparison, 
given  in  my  letter  to  the  'Observatory,'  as  the  first  com- 
parisons were  made  under  exceptionally  favourable  condi- 
tions. Some  small  improvements  in  the  api)aratus  make  it 
l)robable,  however,  that  it  can  be  reached  in  the  future. 

I'yxamination  of  the  individual  results  for  each  night's 
work  shows  that  the  errors  are  ])urely  accidental ;  hence,  the 
mean  of  the  results  for  the  third  line  will  be  used  to  deter- 
mine a  correction  to  the  mean  of  the  results  for  the  first  line. 

A  displacement  of  the  third  line  toward  the  red  of  0.28 
tenth-metre  corresponds  to  a  disi)l.'iceincnt  of  the  jjriiicipal 
line,  in  the  same  direction,  of  0.29  tenth-metre,  which  is  the 
amount  by  which  the  principal  line  is  seen  to  be  too  near  the 
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red  end  of  the  spectrum,  on  account  of  the  recession  of  the 
nebula  from  the  sun. 

Hence  the  wave-length  of  the  principal  line,  if  determined 
by  an  observer  at  rest  relatively  to  the  nebula,  would  be 
).  5005.93,  and  this,  therefore,  is  the  normal  position  of  the 
chief  nebular  line,  according  to  all  the  observations  of  the 
nebula  of  Orion  which  have  been  made,  up  to  the  present 
time,  at  the  Lick  Observatory.  The  probable  error  of  this 
result  is,  by  the  theory  of  least  squares,  0.03  tenth-metre. 
The  position  of  the  MgO  fluting,  on  the  same  scale,  is 
X  5006.36  or  0.43  tenth-metre  below  the  normal  position  of 
the  nebular  line.  An  interval  of  this  magnitude  is  not  only 
measurable  with  my  apparatus,  but  noticeable  at  a  glance 
in  the  telescope. 

An  incident  which  occurred  during  the  course  of  the  work 
may  be  mentioned  Piere,  as  showing  how  much  greater  the 
above  stated  interval  is  than  any  error  which  could  be  made 
under  good  conditions  of  observation.  The  measures  of 
January  26,  1891,  on  being  reduced  the  next  morning,  made 
the  interval  between  the  nebular  and  lead  lines  0.15  tenth- 
metre  greater  than  it  should  have  been  according  to  previous 
measures.  This  difference  led  me  at  once  to  infer  that 
something  was  wrong  with  the  a])paratus,  and  on  examin-^ 
ing  the  instrument  I  found  that  the  observing  telescope  was 
set  to  a  reading  5°  different  from  the  usual  one,  in  such  a 
direction  that  a  higher  dispersion  than  usual  had  been  em- 
ployed. On  determining  the  value  of  the  micrometer  for  this 
position  of  the  grating,  and  re-reducing  the  observations, 
the  discrepancy  was  then  but  a  few  hundredths  of  a  tenth- 
metre. 

In  the 'Journal  of  the  British  Astronomical  Association,' 
Mr.  Maunder  says,  in  reference  to  the  possibility  of  my  hav- 
ing over-measured  the  interval  between  the  chief  neVjular  line 
and  the  edge  of  the  magnesium  fluting,  "Further,  some  al- 
lowance must  be  made  for  the  difficulty  of  comparing  a  line 
with  a  fluting;  we  ought  certainly  not  to  measure  from  the 
center  of  the  nebular  line  to  the  extreme  edge  of  the  fluting. 
This  will  apply  a  small,  but  a  further,  correction  in  the  same 
direction."  Mr.  Maunder's  criticism  does  not,  however, 
apply  to  my  own  observations,  which  were  made  with  this 
difiicultv  in  view.     If  the  distance  between  the  line  and  the 
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edge  of  the  fluting  could  iJe  measured  with  a  slit-width  van- 
ishingly  small,  the  true  interval  would  be  obtained.  With  a 
practicable  slit-width,  the  position  of  the  center  of  the  line  is 
unchanged,  but  the  edge  of  the  fluting  is  shifted  toward  the 
red  by  half  the  width  of  the  line.  In  my  observations  of 
nebulas,  the  slit-width  used  was  such  as  to  make  the  bright, 
sharp  lead  line  (and  hence,  also,  the  nebular  line)  just  the 
width  of  the  coarse  micrometer  wire  (about  0.4  tenth- 
metre).  The  bright  lines  were  observed  by  occulting  them 
with  the  wire,  the  observations  thus  referring  to  their  cen- 
tres, but  the  magnesium  fluting  was  observed  by  bringing  its 
extreme  edge  and  the  /ovrer  edge  of  the  micrometer  wire  into 
coincidence,  the  center  of  the  wire  falling  therefore  upon  the 
edge  of  the  fluting  with  infinitelv  narrow  slit.  Measures  of 
the  interval  between  the  lead  line  and  the  edge  of  the  mag- 
nesium fluting,  made  with  the  fine  micrometer  wire  and  as 
narrow  a  slit  as  could  be  used,  gave  the  same  value  as  meas- 
ures made  in  the  manner  just  described.*  The  correction 
mentioned  b}'  Mr.  Maunder  is  therefore  unnecessary. 

It  appears  to  me,  from  what  has  been  shown  above,  that 
the  non-coincidence  of  the  chief  nebular  line  and  the  magnes- 
ium fluting  must  be  regarded  as  proved. 

In  regard  to  the  character  of  the  line,  recent  observations 
at  Mount  Hamilton  have  shown  nothing  which  does  not 
confirm  the  opinion  I  have  already  expressed,!-  that  under 
no  circumstances  of  ol)scrvation  does  the  line  tend  to  as- 
sume the  aspect  of  the  remnant  of  a  fluting. 

The  observations  which  have  been  made  at  Mount  HaniiK 
ton  demonstrate  tlic  incorrectness  of  the  view  llmt  the  chief 

*  I  may  call  jiLleiilioii  to  I  lie  tact  tiiat  my  own  value  ol  tiiis  iiiLcrvai 
(1.86  tciuh-mctrcs)  i.s  ().04-  tenth-metre  smaller  tl)un  the  most  reliable 
measures  which  have  yet  Ix'en  ])ul)lislie(l. 

t  "  A  single  jirism  of  GO'-'  was  first  em|)loye<I,  tlicn  a  coiiipoimd  jjiism  of 
about  three  and  one-half  times  the  (lisjjersion  of  the  latter,  and  finally  a 
Rowland  j;ratin>j  of  1-1-,48K  lines  to  the  inch.  With  these  dilVercnt  de- 
Urcen  of  di»|H*rHion.  and  alBo  with  other  s|K'etroseo|K's,  emph)yed  the  nebu- 
lar linen  a|)|K'are<l  to  l)e  iK-rfeet  monochronmtie  imaj^es  of  the  slit,  wid- 
ening when  the  Nlit  waH  widened  and  narrowing  to  exeessively  fine,  8har|> 
linen  when  it  wan  closed  up.  The  brijjhtest  line  showed  no  tendency  to  as- 
Hume  the  aH|K*et  of  a  '  remnant  of  a  flulinj.; '  under  any  circumstances  of  ob- 
Mrrvnlion.  " — '  I'ublientionH  of  the  .'\stronomieal  Society  «)f  the  Pacific,'  No. 
11.  p.  2(}()and2M0. 
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nebular  line  is  in  any  way  connected  with  the  magnesium 
iluting  at  /  5006.36,  for  reasons  which  may  be  briefly-  sum- 
marized as  follows : — 

(1).  The  nebular  line  is  0.43  tenth-metre  more  refrangible 
than  the  lower  edge  of  the  magnesium  fluting. 

(2).   The  nebular  line  has  no  resemblance  to  a  fluting. 

(3).  Flutings  and  lines  of  magnesium,  which  could  not  fail 
to  appear  at  the  same  time  with  the  fluting  at  /  5006.36, 
<ire  entirely  absent  in  nebular  spectra. 

Additional  reasons  have  been  given  by  Professors  Liveing 
and  Dewar,  and  by  others  who  have  investigated  the  sub- 
ject, but  I  wish  to  consider  here  onh'  such  observations  as 
have  been  made  at  the  Lick  Observatorv. 


NEW  ORIGIN  FOR  TERRESTRIAL  LONGITUDES. 

The  Paris  Geographical  Society  has  recently  had  under 
•consideration  the  fixing  of  a  new  meridian  from  which  to 
reckon  longitudes  and  set  the  clocks  all  over  the  earth.  The 
matter  was  previously  discussed  b3'  the  Royal  Academy  of 
Sciences  of  the  Bologna  Institute,  which  admitted  its  inabil- 
ity to  recommend  the  location  of  a  primary  meridian, 
but  tacitly  admitted  that  the  new  one  now  in  use,  passing 
through  the  Observatory  at  Greenwich,  England,  is  by  no 
means  acceptable.  Smce  then  several  French  societies  have 
united  to  recommend  that  the  new  line  pass  through  Jeru- 
salem and  Lake  Nyanza,  nearly  in  east  longitude  35  degrees 
according  to  the  present  method  of  reckoning.  One  reason 
for  the  selection  is  a  long  land  line  in  the  direction  of  the 
poles. 

If  it  be  admitted  that  a  change  is  advisable  there  should 
be  no  difficulty  in  obtaining  assent  to  the  proposition  that 
the  most  prominent  geographical  facts  ought  to  govern  in 
making  the  choice.  The  following  facts  may  help  the  reader 
to  see  that  the  line  proposed  is  not  the  best,  and  that 
another  selection  may  be  made  that  would  be  far  preferable, 
having  really  overwhelming  arguments  in  its  favor. 

A  comparison  of  the  numerous  measures  of  arcs  of  the 
meridian  and  along  parallels  to  the  equator  that  have  been 
surveyed  within  the  last  century,  proves  the  earth  to  be 
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doubly  ellipsoidal.  Not  only  is  the  polar  axis  some  twenty- 
six  miles  shorter  than  an  equatorial  diameter,  but  the 
equatorial  curve  itself  is  an  ellipse,  the  difference  between  its 
greatest  and  least  diameters  being  not  far  from  two  miles. 
Now,  just  as  the  equatorial  line  is  the  most  natural  origin 
for  measures  of  latitude,  so  the  greater  and  lesser  meridians 
are  the  only  natural  lines  from  which  to  measure  longitude 
on  the  earth's  surface.  Every  other  origin  is  open  to  the 
charge  of  being  entirely  artificial,  as  was  the  Island  of  Ferro 
with  the  early  navigators,  and  as  is  the  Greenwich  Observa- 
tory now.  But  there  are  other  reasons  why  we  should 
select  these  natural  meridians  as  the  origin  for  measures  of 
longitude  and  time  reckoning,  and  some  of  them  are  almost 
entitled  to  be  called  startingly  interesting. 

The  most  complete  reduction  of  the  arc  measures  yet  given 
to  the  world  is  that  made  by  Capt.  Clarke  of  the  British 
Navy,  who,  being  an  Englishman,  was  not  likely  to  furnish 
arguments  in  favor  of  unseating  the  Greenwich  Observatory 
as  the  standard  of  longitude  unless  in  obedience  to  the  stern 
logic  of  facts.  But  he  locates  the  major  meridian  in  fifteen 
and  a  hidf  (15°. 34)  degrees  of  east  longitude.  There  is  an 
uncertainty  of  a  few  minutes  in  the  determination,  so  that  it 
is  not  well  to  aim  at  too  great  precision  of  statement  now, 
though  it  is  highly  desirable  that  the  problem  be  again  stud- 
ied with  the  object  of  locating  the  position  exactly.  But  as 
nearly  as  we  are  warranted  in  writing  about  it  at  present 
that  major  meridian  passes  one  hour  of  longitude  west  of 
the  Great  Pyramid  of  Egypt,  about  which  so  much  has  been 
written  as  the  earliest  exponent  of  ancient  mathematical 
knowledge  and  architectural  skill  that  has  been  preserved  to 
our  day.  It  enters  the  African  continent  several  degrees 
further  south  than  does  the  proposed  Jerusalem-Nyanza 
meridian,  affording  a  magnificant  land  stretch  from  the 
topic  of  Capricorn  to  the  Arctic  circle,  the  only  important 
water  break  in  which  is  the  Mediterranean  Sea.  Its  exten- 
sion through  the  poles  and  round  the  other  side  of  the  globe 
runs  approximately  througli  Behring  Strait,  and,  thus 
divides  off  the  American  continent  from  the  Asiatic,  while  it 
furnishes  n  far  more  natural  dividing  line  on  which  the  na- 
vigator of  the  Pacific  Ocean  shall  change  his  day  of  reckon- 
ing than  18  tlic  one  now  used.    Then   the  minor  meridian, 
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ninety  degrees  from  the  major,  not  only  passes  through  the 
City  of  New  York,  thus  distinguishing  the  commercial  capi- 
tal of  this  continent,  but  it  actually  runs  through  the  Island 
of  San  Salvador,  which  was  the  first  land  made  by  Colum- 
bus when  he  discovered  the  New  World  four  centuries  ago. 

With  such  a  mass  of  evidence  in  favor  of  establishing  the 
new  origin  of  longitude  on  the  plan  above  noted  can  there 
be  any  hesitation  in  pronouncing  for  it  as  against  any  and 
all  others  that  may  be  advocated  by  scientific  men  who  ap- 
pear to  have  utterly  ignored  the  greatest  reasons  which 
should  govern  in  the  selection  ?  And  if  the  people  of  the  Old 
World  cannot  be  brought  to  agree  on  the  propriety  of  the 
plan  here  briefly  described  ought  not  those  of  the  United 
States  and  of  other  countries  on  this  continent  to  be  unani- 
mous in  demanding  it?  Not  only  are  the  major  and  minor 
meridians  of  the  earth  the  sole  origins  from  which  measures 
of  time  and  longitude  can  legitimately  be  reckoned,  but  they 
ofler  to  us  the  important  feature  of  passing  over  the  first 
discovered  land  in  this  hemisphere  and  the  biggest  city  in  it, 
while  limiting  us  to  the  westward.  It  may  also  be  men- 
tioned that  the  major  meridian  lies  almost  exactly  midway 
between  the  Greenwich  Observatory  and  the  earliest  one  we 
know  of,  as  the  great  pyramid  was  undoubtedly  used  for 
purposes  of  astronomical  observation.  The  matter  thus 
briefly  introduced  should  meet  with  the  attention  it  de- 
serves, and  in  that  case  there  is  no  fear  it  will  be  dropped  as 
a  topic  of  passing  interest  or  mere  scientific  curiosity. — Chi- 
cago Tribune  April  5th,  1891. 


THE  SMITHSONIAN    ASTRO-PHYSICAL  OBSERVATORY. 


The  Smithsonian  Institution  has  established  as  one  of  its 
departments  a  Physical  Observatory  which,  with  the  instru- 
ments, has  been  supplied  from  the  Smithsonian  fund.  It  oc- 
cupies at  present  a  temporary  structure,  though  funds  have 
been  subscribed  for  a  permanent  building  when  Congress 
shall  provide  a  suitable  site.  For  the  maintenance  of  the 
Observatory  an  appropriation  has  been  made  by  Congress 
which  will  become  available  on  the  1st  of  July,  1891.    The 
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actual  instrumental  work  of  the  new  Observatory  will  neces- 
sarih'  devolve  largely  upon  a  senior  and  a  junior  assistant, 
who  have  not  yet  been  appointed,  who  can  devote  their  en- 
tire time  to  research,  and  it  is  hoped  that  with  the  improved 
apparatus  it  will  be  possible  to  prosecute  advantageously 
nvestigations  in  Telluric  and  Astro-physics  and  particularly 
those  with  the  bolometer  in  radiant  energy. 

In  accepting  the  position  of  Assistant  Secretary  of  the 
Smithsonian  Institution  in  1887,  Mr.  Langley  retained  the 
Directorship  of  the  Observator\'^  at  Allegheny  for  the  pur- 
pose of  completing  the  researches  begun  there,  and  after  his 
appointment  as  Secretarv  of  the  Institution,  he  still  con- 
tinued the  titular  Directorship,  though  but  a  limited 
amount  of  time  could  be  spared  from  his  official  duties  at 
the  capital.  With  the  completion  of  the  equipment  of  the 
little  Observatory  at  Washington,  he,  however,  formally  re- 
signed on  April  30th,  1891,  the  Directorship  at  Allegheny 
which  he  had  held  since  1887,  and  he  will,  so  far  as  his  ad- 
ministrative occupations  permit,  give  a  personal  attention 
to  the  general  directions  of  the  investigations. 

The  class  of  work  which  is  referred  to  does  not  ordinarih' 
involve  the  use  of  the  telescope,  and  that  which  is  contem- 
plated is  quite  distinct  from  what  is  carried  on  at  present  at 
any  other  Observatory  in  the  United  States.  The  work  for 
which  the  older  Government  Observatories  at  Greenwich, 
Paris,  Berlin  and  Washington  were  founded,  and  in  which 
they  are  now  chiefly  engaged,  is  the  determination  of  rela- 
tive positions  of  heavenly  bodies  and  our  own  place  with 
reference  to  them.  Within  the  past  twenty  yeafs  all  these 
Governments  except  that  of  the  United  States  have  estab- 
lished astro-physical  Observatories,  as  they  are  called, 
which  are,  as  is  well  known,  engaged  in  the  study  of  the 
heavenly  bodies  as  distinct  from  their  positions,  in  determin- 
ing, for  instance,  not  where,  but  what  the  Sun  is,  how  it 
effects  terrestrial  climate  and  life,  and  how  it  may  best  be 
studied  for  the  purposes  of  the  meteorologist,  and  for  other 
uses  of  an  immediately  practical  nature. 

The  now  Observatory  is  established  for  similar  purposes. 
Its  outfit  includes  a  very  large  Siderostnt  (recently  com- 
])1cted  by  (»rubb,  which  is  mounted  in  such  a  way  as  to 
throw  a  beam  of  light  horizontally  in  the  meridian.     It  is  in- 
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tended  to  carry  a  mirror  of  20  inches  diameter,  and  is  per- 
haps the  most  massive  and  powerful  instrument  of  its  kind 
ever  constructed.  Within  the  dark  room  is  mounted 
another  large  instrument,  the  spectrobolometer,  which  is  in 
effect  a  large  spectroscope  with  20  inch  circle  reading  to  5 
seconds  of  arc,  specially  designed  for  use  with  the  bolometer. 
It  was  made  by  William  Grunow  &  Son  of  New  York,  as  the 
outcome  of  Mr.  Langley's  experience  with  smaller  appara- 
tus during  his  earlier  investigations.  The  most  important 
part  of  the  instrumental  equipment  is  completed  by  specialh' 
designed  galvanometers,  scales  and  a  peculiar  resistence  box; 
and  these  three  instruments  used  in  conjunction  with  the 
bolometer,  and  perhaps  with  the  aid  of  photography,  will 
be  employed  in  the  investigations  upon  light,  heat  and 
radiant  energy  in  general,  for  which  the  Observatory  is 
primarily  intended,  though  some  departments  of  terrestrial 
physics  may  also  receive  attention . 


THE  ORBIT  OF   02  285. 


S.   \V.  BURNHAM. 
For  The  Messenger. 

This  has  always  been  a  moderately  close  pair  since  its  dis- 
covery by  ^-  more  than  half  a  century  ago,  and  therefore 
but  few  measures  have  been  made  of  it.  No  orbit  has  been 
computed,  and  indeed  until  recently  the  data  has  been  insuf- 
ficient to  obtain  any  reliable  approximate  period.  I  have 
measured  this  pair  lately  with  the  large  refractor,  and  with 
the  new^  position  there  should  be  no  difficulty  in  getting  a 
provisional  period,  and  a  fairly  accurate  representation  of 
the  apparent  orbit. 

The  following  is  a  complete  list  of  the  measures  to  the 
present  time. 
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In  laying  down  these  observations,  as  shown  on  the  ac- 
companying diagram,  for  a  graphical  determination  of  the 
period,  I  have  used  a  mean  of  the  first  two  measures,  and 
have  rejected  the  single  measure  by  Secchi  in  1857,  the  angle 
of  which  is  obviously  much  too  large. 

From  this  ellipse  we  have  the  following  : 

Period 72.7  years. 

Maximum  distance  (IHu.'J) 0.55" 

Minimum  distance  (1881) 0.20 

Major  axis  (55") 0.78 

Minor  axis 0.50 

The  distance  is  now  increasing,  and  in  a  few  years  it  will 
be  comparatively  easy. 

This  pair  is  never  rcfilly  single,  and  should  be  measurable 
in  all  parts  of  its  orbit  with  a  large  refractor.  It  will  be  no- 
ticed that  at  the  time  I  found  it  doubtful  in  1881  the  dis- 
tance was  minimum,  and  unless  the  occasion  was  very 
favorable,  a  distance  of  0".2  might  be  easily  overlooked 
even  with  the  Chicago  refractor  of  I8V2  inches.  In  April, 
1876,  I  examined  this  with  my  6-inch  telescope,  and  noted 
"certainly  a  slight  elongation  in  about  350°,  but  very  close 
and  difficult."  At  this  time  the  distance  must  have  been 
O'^.S,  and  therefore  well  within  the  reach  of  that  instrument 
under  suitable  conditions.  For  some  years  this  pair  should 
be  regularh'  measured.  A  more  accurate  period  can  then  be 
determined,  together  with  the  other  elements  of  the  orbit. 

The  star  is  B.  A.  C.  4885  (=  P  xiv,  182),  and  its  place 
.{1880)  : 

R.  A.  =  14"    40'"    59" 
Decl.  =  4-  42°    53' 

Lick  Observatory,  May  15. 


DR.    EDWARD  SCHCENFELD.* 


A.  KRUEGER. 


On  the  1st  of  May  of  the  present  year,  after  long  suffering. 
Privy  Counsellor  Professor  Edward  Schonfeld,  Director  of 
the  Bonn  Observatory-,  died  in  his  sixty -third  year.  Born  at 
Hildburg,  Dec.  22,  1828,  he  attended  the  Gymnasium  of  his 
native  city  and  afterward  the  Polytechnic  School  at  Cassel 

*  Translated  from  the  German  (Astronomische  Nachrichten  3033)  by  Miss  F. 
E.  Harpham,  Post-Graduate  student  at  Carleton  College. 
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for  the  study  of  architecture.  After  a  year  here  he  went  to 
the  Poh'technic  school  at  Hanover  to  attend  the  lectures  of 
Karmarsch,  Riihlmann  and  Schwarz. 

Here  he  first  determined  to  follow  his  desire  to  study  the 
natural  sciences,  and  in  the  autumn  of  1849  he  went  to  Mar- 
burg Universitj"  where,  after  thorough  studies  in  chemistry, 
he  was  introduced  by  Gerling  to  the  study  of  astronomy. 
In  the  the  spring  of  1852  he  came  to  Bonn  to  pursue  the 
special  branch  of  astronomy  still  further.  Argelander recog- 
nized at  once  the  extraordinary  talent  and  glowing  enthusi- 
asm of  the  prospective  astronomer,  and  at  Easter,  1853, 
when  the  removal  of  Schmidt  to  Olmutz  left  the  assistant's 
place  vacant,  he  bestowed  it  upon  Schonfeld  without  delay, 
even  before  his  promotion  which  took  place  in  1854. 

Argelander  was  already  busy  in.  his  work  of  mapping  the 
northern  heavens;  upon  Schonfeld's  entry  the  work  was 
hastened  forward  with  zeal  and  was  soon  finished.  During 
Argelander's  long  absence  at  Pulkowa,  he  began  his  first 
zone  observations  with  the  small  comet  seeker,  and  upon  the 
Director's  return,  laid  his  work  before  him.  The  opportun- 
ity was  given  to  the  author  of  these  lineg  to  assist  in  this 
great  undertaking,  at  first  only  as  a  volunteer  but  later  as  a 
constant  fellow  worker.  The  work  was  pushed  forward 
steadily  and  successfully  under  the  mutual  emulation  of  the 
Director  and  his  assistant. 

In  1859  Schonfield  was  called  to  Mannheim  as  Director  of 
the  Observatory,  to  which  place  his  wife,  who  was  a  true 
helpmate  to  him  to  the  end  of  his  life,  soon  followed  him.  In 
Mannheim  he  wished  to  take  uj)  work  corresponding  to  the 
moderate  means  of  the  Observatory  and  this  he  accom- 
plished successfully.  The  study  of  the  variable  stars,  begun 
at  Bonn  was  continued  here  and  the  result  published  in  the 
two  Mannhcimcr  catalogues.  Then  with  the  refractor,  he 
observed  the  visible  nebulae  of  which  he  pul)lished  an  excel- 
lent catalogue.  During  this  time  the  "  Astronimische  Gesell- 
schaft"  was  founded,  in  the  promotion  of  which  he  was  of 
great  service,  especially  as  secretary  until  the  year  1875. 

When  in  1875  the  Bonn  Observatory  was  deprived  by 
death  of  the  memorable  Argelander,  there  was  no  question 
as  to  what  astronomer  shouhl  succeed  him.  Schinifield  took 
the  new  work  and,  wishing  to  follow  the  traditions  of  the 
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Observatory,  undertook  the  great  work  of  mapping  the 
southern  sky,  for  which  he  himself  made  the  observations 
and  performed  the  greater  part  of  the  reductions.  The  over- 
exertions of  these  ten  years  laid  the  foundation  of  his  later 
illness. 

It  would  be  an  injustice  to  pass  over  in  silence  the  service 
rendered  by  the  deceased  as  a  teacher  in  the  university.  As 
Privat-docent  before  his  residence  at  Mannheim,  he  gave  lec- 
tures which  were  distinguished  by  clearness  of  thought  and 
profound  erudition.  Later,  as  professor  of  astronomy,  he 
gave  the  greatest  attention  to  this  province  of  his  work. 

The  wide  range  of  Dr.  Schonfeld's  knowledge  was  surpris- 
ing. He  was  ver^^  willing  to  give  information  and  gladly 
conversed  on  topics  which  were  beyond  his  own  knowledge, 
in  order  to  inform  himself.  Having  a  fine  memorj'',  he  was 
extraordinarily  well  read  and  aroused  the  wonder  of  all 
who  came  into  contact  with  him. 

What  his  death  is  to  his  friends,  the  author  of  these  lines 
who  has  been  his  friend  more  than  thirty-eight  years,  can 
well  estimate.  He  was  kind  and  sympathetic  to  every  one, 
nor  did  he  permit  any  to  feel  his  superiority.  His  unassum- 
ing modesty  was  perhaps  at  times  too  great,  but  for  that 
cause  no  one  could  feel  either  enmity  or  jealous\'. 

Kiel,  May  2,  1891. 


MR.   BURNHAM  ON  DOUBLE  STARS. 


GEORGE    C.   COMSTOCK. 
For  The  Messenger. 

In  comparing  mj-  own  double-star  observations  with 
those  of  other  observers  about  a  year  ago,  I  found  a  verj- 
persistent  systematic  difference  between  my  observed  posi- 
tion angles  and  Mr.  Burnham's  measures  of  the  same  stars. 
In  order  to  obtain,  if  possible,  an  explanation  of  the  differ- 
ence between  our  results  I  asked  Mr.  Burnham  to  give  me 
an  account  of  his  methodsof  observing,  which  he  very  kindly 
did  in  a  letter  the  greater  part  of  which  is  reproduced  below, 
and  which  cannot  fail  to  be  of  interest  to  every  one  con- 
cerned with  observations  of  this  class.  It  is  needless  to  say 
that  the  letter  was  not  written  for  publication.     Mr.  Bum- 
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ham  has,  however,  consented  that  those  parts  of  it  which 
are  of  general  interest  may  appear  in  The  Messenger. 

It  is  not  at  all  surprising  that  there  should  be  difference  between  two 
observers  in  measuring  close  pairs,  but  there  certainly  should  be  no  sj'stem- 
atic  difference  in  angles  of  either  close  or  wide  pairs,  provided,  of  course,  the 
proper  plan  is  pursued  in  making  the  measures.  It  is  absolutely  necessary 
that  the  line  joining  the  eyes  should  be  either  perpendicular  or  parallel  to 
the  wires.  (This  is  true  of  both  distances  and  angles.)  Just  how  you  will 
place  the  wires  with  reference  to  the  stars  in  making  angles  will,  of  course, 
depend  on  the  kind  of  pair  3'ou  are  observing,  and  what  would  be  the  best 
in  one  case  would  not  be  in  another.  A  little  experience  will  enable  3'ou  to 
know  exactlj-  what  to  do  in  each  case.  In  a  wide  pair  3'ou  would  oi'dinar- 
ih-  bisect  the  stars;  with  a  close  pair  you  cannot  do  this.  In  a  general 
way*,  so  far  as  I  can  state  it,  m3'  plan  is  this :  With  one  hand  on  the  pinion 
and  the  other  on  the  coarse  screw  which  moves  both  wires,  I  rapidly  throw 
the  double  from  one  side  of  one  wire  to  the  other,  changir^  the  angle  until 
the  wire  appears  to  be  parallel  to  the  stars  in  the  three  positions,  |:  -i:  :' .  In 
some  cases  I  try  it  also  between  the  wires  at  some  distance  apart,  that  dis- 
tance varying  with  the  distance  between  the  stars.  Good  measures  of 
either  distances  or  angles  must  be  done  quickh' — that  is,  the  motion  of  the 
wire  must  be  rapid,  and  of  course  an\'thing  like  a  tangent  screw  and  clamp 
is  wholly  unsuitable  and  unreliable.  I  don't  know  that  now-a-days  anv- 
body  uses  so  absurd  a  plan,  It  is  far  better  to  move  the  wires  in  position- 
angle  by  hand.  In  fact  that  is  a  good  way,  though  not  as  convenient  nor 
as  quick.  I  was  obliged  to  do  this  in  all  the  measures  with  the  Chicago 
micrometer.  But  the  important  thing  is  to  have  the  eyes  right  with  refer- 
ence to  the  object.  This  is  so  obvious  a  precaution  that  it  seems  strange 
that  an)'  one  should  ever  think  of  doing  the  thing  in  an)-  other  wa)',  be- 
cause it  is  in  the  experience  of  every  one  that  it  is  involuntarily  done  under 
all  circumstances  in  every  day  life.  Let  any  one  tr)'  to  use  the  eyes  in  esti- 
mating distances,  or  the  position  of  things,  or  to  read  with  the  head 
inclined  1)0°  or  wrong  side  up,  and  he  will  see  it  is  the  next  thing  to  not  see- 
ing at  all. 

Of  course  in  distances  I  alwaj's  place  the  wires  over  the  star.  Any 
other  plan  would  be  but  little,  if  any,  bett«'r  than  an  estimate,  and  cer- 
tainly would  not  be  measuring.  I  have  but  little  faith  in  much  that  has 
been  written  about  systematic  errors  and  especially  in  position-angles.  It 
is  easy  enough  to  see  how  one  would  record  a  transit  sooner  or  later  than 
another,  but  that  has  no  more  to  do  with  this  (piestion  than  the  result  of 
throwing  dice.  Wc  all  go  wrong,  and  I  suppose  we  are  never  right  unless 
by  accident,  but  the  errors  in  the  long  run  shoi  Id  compensate  each  other 
just  .'iH  much  as  though  the  angles  were  estimated  or  set  down  at  random. 
A«  to  getting  the  zero  of  the  wires,  of  course  I  let  a  star  run  along  with 
the  lowcHt  i)ower  on.  This  gives  it  to  n  tenth  or  two,  wliicli  is  far  nearer 
thnn  anyl)ody  can  ineaHure  anything  with  certainty  and  .-my  further  refine- 
ment to  find  the  parallel  would  Ik'  a  waste  of  time  which  would  be  much 
l)cttcr  n|)cnt  in  observing.  Here,  with  tiie  frecpient  changes  in  the  use  ot 
til.-  ;,iwi .  i>,,i,-,iiu  I  li.,,.  I, (  1 1)<.  prnriUcl  ,'dm">i<  ivirv  niglit. 
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All  other  sources  of  error  in  measuring  double  stars  are  insignificant 
when  compared  with  that  which  comes  from  improper  illumination.  My 
measures  here  in  1879  with  the  6-inch  of  the  micrometer  you  have  are  of 
very  little  value  from  that  defect.  Very  trifling  things  make  the  difference. 
Be  sure  you  have  your  instrument  just  right,  when  it  is  right  yon  can 
measure  everything  you  can  see,  and  with  a  feeling  that  it  is  fairly  well 
done,  and  your  results  will  agree  with  each  other. 


THE  DIRECT  ACTION   OF    SOLAR    DISTURBANCES  ON  TERRES- 
TRIAL MAGNETISM. 


T.  S.  H.  SHEARMEN. 


For  The  Messen(5er. 

During  the  year  1882  I  became  convinced  that  there  is  a 
connection  between  the  visibiHty  of  the  sun  spots  as  seen 
from  the  earth  and  terrestrial  magnetism.  At  the  time  I 
was  making  almost  daily  observations  of  the  sun,  and  hav- 
incidentally  observed  an  aurora  frequently  follow  the  ap- 
pearance of  large  spots  at  the  sun's  east  limb,  I  connected 
the  two  events  and  concluded  I  had  brought  a  new  fact  to 
light.  Having  secured  my  right  to  the  discovery  by  publish- 
ing a  note  on  the  subject  (unfortunately  in  a  newspaper),  I 
tried  to  interest  astronomers  in  the  matter  by  private  cor- 
respondence. In  this  I  failed,  and  I  therfore  determined  to 
wait  until  after  another  spot  maximum  for  fresh  evidence 
before  again  bringing  the  matter  up;  but  Professor  C.  A. 
Young  having  recenth''  published  an  article  in  which  he  re- 
fers to  this  connection  as  having  been  recently  discovered 
(or  rather  re-discovered)  in  the  United  States,  I  am  com- 
pelled to  again  refer  to  m\'  work  in  this  connection  without 
further  delay. 

This  being  merely  a  preliminary  note  I  will  give  my  results 
for  three  j^ears  onl3^  They  are  quite  sufficient  though  to 
show  that  there  is  a  distinct  connection  between  the  visibil- 
ity of  solar  disturbances  from  the  earth  and  terrestrial 
magnetism.  They  show,  in  other  words,  that  an  active 
spot,  or  other  result  of  a  solar  disturbance,  when  on  the 
visible  hemisphere,  apparently  has  a  greater  effect  on  the 
earth's  magnetism  than  when  on  the  hemisphere  turned 
away  from  our  view.  This  discovery  was  originally  made 
by  finding  on  many  occasions  an  aurora  following  the  ap- 
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pearance  of  laroje  spots  at  the  sun's  east  limb ;  but  I  soon 
found  that  solar  disturbances  of  every  size,  when  first  seen 
at  that  limb,  apparently  caused  a  disturbance  of  the  earth's 
magnetism.  To  illustrate  this  I  will  give  the  results  for  the 
period  1885,  July — 1888,  July,  I  have  compared  my  obser- 
vations of  solar  disturbances  and  auror^e  during  this  period 
with  the  magnitude  and  auroral  results  published  in  the 
'Monthly  Weather  Review  of  the  Canadian  meteorological 
service  kindly  furnished  for  this  purpose  by  C.  Carpmael, 
Esq.,  M,  A,,  F,  R,  A.  S,  The  accompanying  table  shows  the 
result  of  this  comparison  : 


Period  of  Observation. 

No.  of 

Disturbances 

at  E.  limb. 

Coincidences 

with 

Aurorae. 

Magnets 

more  or  less 

disturbed. 

No  ■ 

Record. 

(See  iiote.) 

1885,  July— 1886,  July,... 

49 

29 

17 

3 

1886,  July— 1887,  July.... 

34 

23 

10 

1 

1887,  July— 1888.  July.... 

26 

13 

11 

2 

Note.  — "No  record"  means  that  the  disturbance  (if  any)  of  the  mag- 
nets at  Toronto  Observatory  was  not  sufficient  to  be  noticed  by  Mr.  Carp- 
mael in  the  short  magnetic  reviews  which  I  consulted. 

An  inspection  of  the  above  table  shows,  I  think,  the  con- 
nection very  distinctly.  It  will  be  seen  that  on  65  of  the 
109  occasions  when  disturbances  were  at  the  sun's  E.  limb 
an  aurora  is  recorded  on  the  same  date.  Of  the  remaining 
occasions  the  magnets  at  the  Toronto  Observatory  were 
more  or  less  disturbed  on  38  dates.  This  leaves  only  six 
dates  to  be  accounted  for.  A  closer  agreement  could  hardly 
be  desired — especially  when  we  remember  that  many  of  the 
solar  disturbances  in  the  list  were  quite  small. 

After  deducting  from  the  list  of  auronc  and  magnetic  dis- 
turbances those  caused  by  a  solar  disturbance  becoming  vis- 
able  at  the  sun's  E.  limb,  I  find  many  remain  for  explana- 
tion. I  will  (leal  with  these  at  length  in  a  future  i)aper,  and 
will  only  say  here  that  man}-  disturbances  of  the  earth's 
magnetism  can  be  traced  to  the  breaking  out  of  spots  on 
the  sun's  visible  hemisphere;  and  to  sudden  changes  in  the 
activity  of  a  disturbance  already  visible.  I  would  also  say 
here  that  I  find  facuhc  can  even,  when  without  neighboring 
maculcL',  .'ifTcct  the  earth's  magnetism.     This  being  the  case 
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I  generally  use  the  term  disturbance  in  place  of  "spot." 
Faculae,  spots,  prominences,  etc.,  are,  of  course,  merely  the 
results  of  a  solar  disturbance.    This  subject  will  also  be  re- 
ferred to  on  a  future  occasion. 
Brantford,  Canada,  May  4,  1891. 


CURRENT  CELESTIAL   PHENOMENA. 


THE  PLANETS. 


Mercury  will  be  at  superior  conjunction  with  the  sun  Jul}'  6  and  will 
not  be  easily  seen  during  the  month  of  July.  August  16  he  will  be  at  great- 
est elongation  east  from  the  sun,  27°  25'.  For  about  a  week  he  will  be  visi- 
ble to  the  naked  eye  during  the  firsf  hour  and  a  half  after  sunset. 

The  transit  of  Mercury,  on  May  9,  was  unfortunatelj'  obscured  by 
clouds  over  a  large  part  of  the  United  States.  The  only  places,  so  far  as  we 
have  heard,  where  good  observations  were  obtained,  were  at  Lick  Observa- 
tory and  Washington  University  Observatory',  St.  Louis,  Mo.  Mr.  Bar- 
nard writes  that  he  succeeded  in  getting  both  contacts  at  the  beginning  of 
transit.  His  results  as  to  the  atmospheric  fringe  about  Mercury,  both  on 
and  oflF  the  solar  disk,  are  entirely  negative.  He  saw  no  white  spot  upon 
Mercury's  disk.  Mr.  Very,  at  Allegheny  Observatory,  observed  second  con- 
tact, but  under  very  unfavorable  atmospheric  conditions.  Mr.  Comstock, 
at  Washburn  Observatory,  saw  the  planet  through  clouds  but  lost  both 
contacts.  Mr.  C.  W.  Pritchett,  at  Morrison  Observatory,  reports  the 
same.  At  Carleton  College  Observatory'  dense  clouds  covered  the  sun  until 
about  ten  minutes  before  sunset.  We  saw  the  planet  but  the  images  were 
so  distorted  that  no  fine  details  could  be  made  out  on  the  sun's  surface. 

Fe/7i/s  will  be  "morning  star"  until  September,  but  is  getting  closer 
to  the  sun  so  it  will  not  be  observable  except  during  the  da3'.  Venus 
and  Neptune  will  be  in  conjunction,  only  29'  apart,  June  22. 

Mars  will  be  out  of  view  for  the  rest  of  the  year.  L' Astronomic  for 
May  contains  an  interesting  paper  by  C.  Flammarion  on  observations  of 
Mars  during  the  past  opposition.  The  paper  reviews  the  observations  of 
three  Italian  astronomers,  Guillaume,  at  Peronna,  Giovannozzi,  at  Flor- 
ence, and  Schiaparelli,  at  Milan,  and  is  illustrated  by  reproductions  of  sev- 
eral drawings  of  the  planet  by  these  persons.  They  all,  to  a  large  extent, 
confirm  the  observations  by  Schiaparelli  of  the  so-called  "canals." 

The  Journal  of  the  British  Astronomical  Association  also  contains  an 
article  by  A.  StanW  Williams  on  the  same  subject,  reviewing  observations 
by  different  observers. 

Jupiter  will  be  at  quadrature  with  the  sun  June  7,  rising  then  a  little 
after  midnight.  In  the  morning  hours  before  twilight  good  views  of  this 
planet  may  be  obtained.  His  motion  among  the  stars  will  be  very  slow 
during  the  summer,  being  eastward  until  July  7  and  westward  after  that 
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time.  The  planet  is  in  the  constellation  of  Aquarius,  about  half  way  be- 
tween, and  a  little  to  the  east  of  a  Pegasi  {Markab)  and  a  Piscis  Austrinus 
{Fomalbaut) .  In  Monthly  Notices,  Ap^U,  1891,  Mr.  A.  Stanley  Williams 
gives  an  article  on  the  Reduction  of  Measures  of  Photographs  of  Jupiter 
taken  at  Lick  Observatory  in  1890.  These  photographs  were  enlarged 
directh-  in  the  telescope  8.3  times,  so  that  the  image  of  the  planet  as  photo- 
graphed at  the  time  of  opposition  was  nearly  an  inch  in  diameter.  The 
measures  of  the  belts  and  spots  agree  closel3^  with  visual  observations  made 
about  the  same  time  and  show  that  photograph^'  may  be  made  of  great  use 
in  this  Ime  of  work. 

Saturn,  although  coming  into  unfavorable  position,  with  reference  to 
the  sun,  should  be  watched  verv  closely  during  the  summer  months  and  all 
changes  in  the  appearance  of  the  rings,  as  the  sunlight  lowers  upon  them) 
carefully  noted.  During  August  it  will  be  impossible  to  observe  the  planet 
after  sunset,  but  good  observations  are  possible  in  daylight  when  the  al. 
titude  of  the  sun  is  low.  On  June  9  the  sun  will  be  2°  13'  below  the  plane 
of  the  rings,  while  the  earth  will  be  5°  07'  below  the  same  plane.  June  29 
the  same  data  will  be  respectively  1°  55'  and  4°  30';  August  8,  1°  17'  and 
2°  37';  -and  August  28,  0°  59'  and  1°  30'.  Of  course  one  will  look  for  this 
planet  toward  the  west  in  the  early  evening. 

Uranus  will  be  in  good  position  for  observation  during  all  of  the  sum- 
mer months.  For  its  jjosition  among  the  stars,  we  refer  the  reader  to  the 
chart  of  the  constellation  Virgo  in  the  March  number  of  The  Messexoer, 
page  142.  It  will  be  best  ob.served  in  the  early  evening  when  it  is  near  the 
meridian. 

iVepiunc  is  morning  star  but  so  near  ihcM-ays  of  the  sun  tliat  it  will  be 
invisible  during  the  summer. 

Date.  R.  A. 

1891.  h      in 

July     5 6  50.4 

•5 8  21.3 

25 9  35-6 

Aug.     5 «o  3S.5 

15 II  20.4 

25 "  45-3 

July     5 5  30-2 

15 <J  23.1 

25 7  16.2 

Aug.     5 8  13.6 

15 ')  04.5 

•■■7 

Jul.  '3 

•  s 7  V).<> 

25 « 25.9 

AuR.    5 8  54.8 

15 9   2U.  I 

25 9  450 


.MERCIKV. 

Deel. 

Rises. 

Transits. 

Sets, 

0    / 

h     m 

h 

m 

h     m 

-f-  24    10 

4  08  A.  M. 

I  I 

56.8  A. 

M. 

7  45  F 

-4-  21    22 

5  14     " 

12 

48. 1    p. 

M. 

8  22 

+   IS    43 

6   15     " 

I 

22.7      ' 

" 

8  30 

+     «   31 

7  03     " 

1 

42.1       ' 

" 

S  19 

+     2   23 

7  32     " 

I 

u.s    ■ 

' 

7  5« 

—      2   07 

7  35     " 

VENl'S. 

1 

i"-  > 

7  25 

+  22   42 

2   56  A.  M. 

10 

5(>-S  A. 

i\r. 

6  17  I 

4-  23    12 

3  07     " 

10 

50.1       ' 

'' 

6  34 

+  22    34 

3  23     " 

1  I 

o].-j      ' 

'' 

6  44 

4-  20  27 
4-  '7  47 

3  4«     •• 

1  1 

1  7 .  7 

6  47 

4  12     •• 

1  1 

•M.ll 

6  46 

4-  14  oS 

4  3«     " 

M  AHS. 

1  1 

;S.S      ' 

0    .(O 

+  2..-     ,1 

1    v    \.   \l. 

1  • 

.i/-''  I'- 

M. 

S     M     1 

+  21  44 

4  5"     " 

12 

25-7      ' 

S   (>„• 

-f-  20  22 

4  44     " 

12 

ii3    ' 

7  •(,> 

+  «H  35 

4  3«     " 

II 

5«-9  A. 

M. 

7    2U 

4-  16  45 
-\-  '4  44 

4  33     " 

II 

45-2     ' 

' 

6  58 

4  27     " 

II 

30.8     ' 

* 

(>  34 
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Date.  R.  A. 

1891.  h     m 

July      5 23   17.9 

15 23    17.5 

25 23    16.0 

Aug.     5 23  13.0 

15 23  09.3 

25 23  04.9 

July      5 10  59-2 

15 II  02.6 

25 II  06.1 

Aug.    5 II  10.6 

15 II   14.8 

25 II   19-3 

July      5 13  42.1 

15 «3  42.3 

25 13  42.7 

Aug.     5 13  43-6 

15 «3  44-S 

25 13  46.2 

July     5 4  25.4 

15 4  2().7 

25 4  27.8 

Aug.     5 4  28.9 

15 4  29.6 

25 4  30-2 

July     5 6  58.0 

15 7  3«-7 

25 8  18.9 

Aug.     5 9  01.8 

15 9  39-8 

25 10  16.8 

June  23 22  35.7 

July    17 22  34.4 

Aug.  10 22  20.4 

June  23 20  10.4 

J"iy     7 19  52.9 

Aug.  10 19  34.8 

June    23 21  59.7 

July    17 21  57.7 

Aug.  10 21  43.4 

July    5 17  56.5 

29 17  41.6 

Aug.  22 1;  45.5 


JUPITER. 

Decl. 

Rises. 

Transits. 

Sets. 

0     / 

h    m 

h    m 

h 

m 

-  5  53 

10  41  p. 

M. 

4  21.4  A.  M. 

10 

02   A.  M. 

-  5  59 

10  02      ' 

' 

3  41-7      " 

9 

22      " 

—  6  12 

9   22      ' 

( 

3  00.8      " 

8 

40      " 

-  6  34 

837      ' 

'' 

2    147      " 

7 

52      «' 

-  6  59 

756      ' 

' 

I    31.6      " 

7 

07      " 

-  7  29 

7  14     " 

12   47.9      " 

b 

22      " 

SATURN. 

+  836 

9  27  A. 

M. 

4  04.9  P.M. 

10 

42    P.  M. 

+  8  14 

853      ' 

3   28.8      " 

10 

05      " 

+  7  51 

8  19     ' 

2  53>     " 

9 

28      " 

+  7  22 

7  42     ' 

2  14.2    " 

8 

47     " 

+  6  55 

7  08     ' 

I  39.2     " 

8 

10     " 

+  6  27 

635     ' 

URANUS. 

- 

I  04.2     " 

7 

33.    " 

—  10  01 

I    24  P. 

M. 

6  47.2  P.  M. 

12 

II    A. M. 

—  10  02 

12  44     • 

6  08.0     " 

II 

32   P.  \f. 

—  10  05 

12   06      * 

( 

5  29-3     " 

10 

53    " 

—  10  II 

II   24  A. 

M. 

4  47-0     " 

IQ 

10    " 

-  10  18 

10  46      ' 

' 

4  08.8     " 

9 

31     " 

—  10  26 

10  09      " 

3  30.9     " 

8 

53    " 

NEPTUNE. 

Jf-  20  06 

2   03  A. 

M. 

9    32- 1  A.  M. 

5 

01    p.  M 

4-  20  08 

I    26      ' 

' 

8  54.1     " 

4 

22      " 

-f  20  II 

12   47      ' 

' 

8  15.8     " 

3 

44     " 

+  20  13 

12    OS      • 

' 

7  33-6     " 

3 

02     " 

+  20  14 

II    26  P. 

M. 

6  551     " 

2 

24     " 

+  20  14 

10   48      ' 
THE  SUN. 

6  16.2     " 

^  I 

45     " 

+  22  47 

4   22  A. 

M. 

12  04.3  p.  M. 

7  47  P.   M. 

--  21  30 

4  30     ' 

12  05.7     " 

7 

42     " 

—  19  37 

4  40     ' 

12  06.3     " 

7 

33     " 

+  16  56 

4  51     ' 

' 

12  05.8     " 

7 

20     " 

-|-  14  00 

5  03     ' 

12  04.3     " 

7 

06     " 

-f  10  42 

5   15     ' 

CERES. 

12  01.9     " 

b 

49     " 

—  20  40 

II    50  P. 

M. 

4   27     A.  M. 

9 

04    A.  M. 

—  22  50 

10   25       ' 

•' 

2    51         " 

7 

17      " 

-  25  39 

8  50 

PALLAS. 

(< 

I    02          •' 

5 

14       " 

+  «9  33 

6  36  P. 

M. 

2    01      A.  M. 

9 

26   A.  U. 

+  18  58 

4  46     ' 

' 

12    09        " 

7 

32      " 

+  15  58 

3  08     ' 

JUNO. 

10    17        " 

.    5 

26      " 

-  0  39 

9  49  P 

,  M. 

3    50     A.  M. 

9 

51    A.  M. 

-  0  48 

8  14     ' 

' 

2    14         " 

8 

14      " 

-  3  00 

6  33     ' 

V5STA. 

12    25         " 

b 

17      " 

-  21  39 

6  28  p. 

M. 

II    00     P.  XI. 

3 

32    A. M. 

—  23  21 

4  47     ' 

9    II 

I 

35     " 

-  24  43 

3  24     ' 

7  41       " 

II 

58    p.  M. 

284 


The  Sidereal  Messenger. 


Jupiter's 

SateUites. 

Central  Time. 

Central  Time. 

h    m 

h     m 

July      3 

1   06  A.  M. 

II 

Sh. In. 

July    29 

9  40  P.  M. 

II  Oc.  Re. 

3  39     " 

II 

Tr.  In. 

9  54    " 

I  Tr.  Eg. 

4  01    " 

II 

Sh.  Eg. 

31 

11  39    " 

IV  Sh.  In. 

4 

2  48    " 

I 

Ec.  Dis. 

Aug.     1 

3  59  A.  M. 

IV  Sh.  Eg. 

5 

12  04    " 

I 

Sh.  In. 

2 

3  54    " 

Ill  Ec.  Dis. 

1  20    " 

I 

Tr.  In. 

4 

12  55    " 

II  Sh.  In. 

1  23    " 

II 

Oc.  Re. 

2  08    " 

I  Sh.  In. 

2  23    " 

I 

Sh.  Eg. 

2  30    " 

II  Tr.  In. 

3  38    " 

I 

Tr.  Eg. 

2  57    " 

I  Tr.  In. 

9  17  P.  M. 

I 

Ec.  Dis. 

3  49    " 

II  Sh.  Eg. 

6 

12  49  A.  M. 

I 

Oc.  Re. 

11  23  p.  M. 

I  Ec.  Dis. 

10  06  P.  M. 

I 

Tr.  Eg. 

5 

2  26  a.  m. 

I  Oc.  Re. 

11  04    " 

IV 

Ec.  Re. 

7  40  p.  M. 

II  Ec.  Dis. 

S 

1   51  A.  M. 

III 

Sh.  In. 

8  36    " 

I  Sh. In. 

11 

10  39  P.  M. 

II 

Ec.  Dis. 

9  02    " 

Ill  Tr.  In. 

11  58    " 

III 

Oc.  Re. 

9  23    " 

I  Tr.  In. 

12 

1   58  A.  M. 

•      I 

Sh.  In. 

9  25    " 

Ill  Sh.  Eg. 

3  09    " 

I 

Tr.  In. 

10  55    " 

I  Sh.  Eg. 

3  48    " 

II 

Oc.  Re. 

11  41    " 

I  Tr.  Eg. 

11   IIP.  M. 

I 

Ec  Dis. 

11  58    " 

II  Oc.  Re. 

13 

2  38  A.  M. 

I 

Oc.  Re. 

6 

12  21a.m. 

Ill  Tr.  Eg. 

9  36  P.  M. 

I 

Tr.  In. 

8  53  p.  M. 

I  Oc.  Re. 

10  11     " 

II 

Tr.  Eg. 

11 

.    3  33  A.  M. 

II  Sh. In. 

10  45    " 

I 

Sh.  Eg. 

4  02    " 

I  Sh.  In. 

11  54    " 

I 

Tr.  Eg. 

12 

1  18    " 

I  Ec.  Dis. 

14 

9  05    " 

I 

Oc.  Re.. 

9  55  p.  M. 

Ill  Sh.  In. 

18 

11  14    " 

III 

Ec.  Re. 

10  15    " 

II  Ec.  Dis. 

19 

12  17  a.m. 

III 

Oc.  Dis. 

10  30    " 

I  Sh. In. 

1  13    " 

II 

Ec.  Dis. 

11  07    " 

I  Tr.  In. 

3  35    " 

III 

Oc.  Re. 

13 

12  26  A.  M. 

Ill  Tr.  In. 

20 

1  06    " 

I 

Ec.  Dis. 

12  49    " 

I  Sh.  Eg. 

9  46  P.  M. 

II 

Tr.  In. 

1  24    " 

Ill  Sh.  Eg. 

10  20    " 

I 

Sh.  In. 

1  25    " 

I  Tr.  Eg. 

10  34    " 

II 

Sh. In. 

2  14    •' 

II  Oc.  Re. 

11  24    " 

I 

Tr.  In. 

3  43    " 

Ill  Tr.  Eg. 

21 

12  37  A.  M. 

11 

Tr.  Eg. 

7  47    " 

I  Ec.  Dis. 

12  39    " 

1 

Sh.  Eg. 

10  38  p.  M. 

I  Oc.  Re. 

1  42    " 

I 

Tr.  Eg. 

14 

7  18    " 

I  Sh.  Eg. 

10  53  P.  M. 

I 

Oc.  Re. 

7  46    " 

II  Sh.  Eg. 

23 

10  49    " 

IV 

Oc.  Dis. 

7  51     " 

I  Tr.  Eg. 

24 

2  18  A.  M. 

IV 

Oc.  Re. 

8  50    " 

11  Tr.  Eg. 

25 

11  53  P.  M. 

III 

Ec.  Dis. 

17 

10  09    " 

IV  Sh.  Eg. 

26 

3  14  a.  m. 

III 

Ec.  Kc. 

10  43    " 

IV  Tr.  In. 

3  48    " 

II 

Ec.  Dis. 

IS 

2  14  A.  M. 

IV  Tr.  Eg. 

3  50    " 

III 

Oc.  Dis. 

19 

3  13    " 

I  Ec.  Dis. 

27 

3  00    " 

I 

Ec.  Dis. 

20 

12  24    " 

I  Sh. In. 

10  17  P.  M. 

II 

Sh. In. 

12  49    " 

II  Ec.  Dis. 

28 

12  09  a.  M. 

II 

Tr.  In. 

12  51     " 

I  Tr.  In. 

12  14    " 

I 

vSh.  In. 

1  50    " 

Ill  Sh.  In. 

1  09     " 

1 

Tr.  In. 

2  43    " 

I  Sh.  Eg. 

1  n     " 

II 

Sh.  Eg. 

3  09    " 

1  Tr.  Eg. 

2  •X\     " 

I 

Sh.  I-g. 

3  45    " 

Ill  Tr.  In. 

3  00     " 

II 

Tr.  Eg. 

9  41  P.  M. 

I  Ec.  Dis. 

3  27 

I 

Tr.  Eg. 

21 

12  22  A.  M. 

1  Oc.  Re. 

9  29     •• 

I 

lie.  Dis. 

6  53  P.  M. 

1  Sh.  In. 

20 

12  40  A.  M. 

I 

Oc.  Kc. 

7  17    '• 

1  Tr.  In. 

9  01  P.  M. 

I 

Sh.  Eg. 

7  29    " 

11  vSh.  In. 
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Central  Time 

Central  Time. 

h    m 

h    m 

Aug.  21 

8  17  P.  M. 

II  Tr.  In. 

Aug.  28 

8  47  P. 

M.        I  Sh. In. 

9  12     " 

I  Sh.  Eg. 

9  00    ' 

I  Tr.  In. 

9  35     " 

I  Tr.  Eg. 

10  07    "          II  Sh.  In. 

10  22     " 

II  Sh.  Eg. 

10  33    "          II  Tr.  In. 

11  08     '• 

II  Tr.  Eg. 

11  06    "           I  Sh.  Eg. 

22 

6  48    " 

I  Oc.  Re. 

11  18    "           I  Tr.  Eg. 

23 

8  37    " 

Ill  Oc.  Re. 

29 

1  00  A. 

M.      II  Sh.  Eg. 

26 

1   34  A.  M. 

IV  Ec.  Dis. 

1  24    ' 

II  Tr.  Eg. 

27 

2  18     " 

I  Sh.  In. 

8  32  p. 

M.        I  Oc.  Re. 

2  34    " 

I  Tr.  In. 

30 

7  49    "          II  Oc.  Re. 

3  24    " 

II  Ec.  Dis. 

7  59    "        III  Ec.  Dis. 

11  36  p.  M. 

I  Ec.  Dis. 

11  53    "        III  Oc.  Re. 

28 

2  06  A.  M. 

Configura 

I  Oc.  Re. 

t  Midnigl 

tion  of  Jupiter's  Satelites  a 

It. 

July     1 

431  O  2 

July  21 

4  2  O  1  3 

Aug.  11 

2  1  0^3:4 

2 

43  O  21 

22 

43  1  O  2 

12 

U  o:34» 

3 

4231  O 

23 

•  3  O  1  2 

13 

3  0,1  2  4 

4 

•  4  O  13 

24 

32  1  O  4 

14 

3  1  2  0:4 

5 

•  4  O  23 

25 

23  O  14 

15 

3  2  0|14 

6 

214  O  3 

26 

1  O  234 

16 

1  0,3  2  4 

7 

2  O  3  1  4            27 

4  O  134 

17 

y  0  123 

8 

31  O  24 

28 

•  2  O  34 

18 

42  1  0:3 

9 

3  O  2  1  4            29 

13  O  24 

19 

4  2  0,13 

10 

321  O  4 

30 

3  O  1  24 

20 

4  3  0:2  • 

11 

2  O  314            31 

32  1  O  4 

21 

43120: 

12 

•  O  2  3  4  Aug.    1 

423  O  1 

22 

43  2  o;i 

13 

21  O  34 

2 

41  O  32 

23 

41  0,32 

14 

2  O  1 34              3 

4  O  213 

24 

4  0  123 

15 

314  O  2 

•  4 

421  O  3 

25 

2  14  o;3 

16 

34  O  21 

5 

y  43  O  • 

26 

2  0|13  4 

17 

4321  O 

6 

43  O  12 

27 

31  0  24 

18 

42  O  1  • 

7  4312  O 

28 

31  0  4  y 

19 

41  O  23 

8 

243  O  1 

29 

3  2  Oil  4 
•  1  0  24 

20 

42  O  34 

9 

1  O  432 

30 

PI 

10 

O  2143 

31 

oon. 

0 11234 

lases  and  Aspects  of  the  l/i 

Central  Time. 

d        h 

m 

New  Moon 

1891  July      5     9 

58  P.  M. 

Apogee 

U                   (1 

11    12 

24     " 

Pirst  Quarter... 

1<            il 

13  11 
21      7 
23   11 

29     " 

Full  Moon 

U                 (< 

54  A.  M. 

Perigee 

<(           t( 

00     " 

Last  Quarter... 

((            << 

27  10 

33  p.  M. 

New  Moon 

"    Aug. 

4  11 

12  a.m. 

Apogee 

((                u 

8     4 

12     " 

First  Quarter... 

l(                 u 

12     3 

12  P.  M. 

Full  Moon 

<(              t( 

19  3 

20  2 

28     " 

Perigee 

i(              (< 

54     " 

Lnst  Oiinrfpr 

II              i( 

26     6 

09  A.  M. 

Wolsingbam  Observatory.    A  new  variable  star  was  found  March  2nd, 
at  41^  26'°  4»,  +  65°  53'  ('55).    Var.  confirmed  at  Harvard.     T.  E.  Espix. 
Circular,  No.  31. 
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Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 

R.  A O''  52'"  32'' 

Decl +  81°  17' 

Period 2dll''50™ 

Julv     5  2  A.  M. 

'  10  2      " 

15  2      " 

20  1      " 

25  1      " 

30  1      " 
Aug.   3  midn. 

8 
13 

18  11  P.  M. 

23  11      " 

28  11      " 

ALGOL. 

R.  A 3i>01"01» 

Decl +  40°  32' 

Period 2J20>'49'" 

July  11  3  A.  M. 

13  10  p.  M. 

31  3  A.  M. 
Aug.  2  midn. 

5  8  p.  M. 

23  1  A.  M. 

25  9  p.  M. 

8  LIBR^. 

R.  A 14h55'"06' 

Decl —  8°  05' 

Period 2d  07"  SI™ 

July  13  midn. 

20 

27  " 


f5  LIBR^,  Cont. 


Aug.  3 
10 
17 
24 
31 


Up. 

11 

11 

10 
10 


U  CORONA. 

R.  A 151 13"' 43' 

Decl +  32°  03' 

Period  3d  10"  51"" 

July    7  midn. 

14  10  p.  M. 

21  7      " 

Aug.  8  2  A.  M. 

14  11  p.  M. 

21  9     " 

28  7      " 

U.  OPHIUCHI. 

R.  A 17''  10'"  56' 

Decl +    1°  20' 

Period Off  20"  08"' 

Jul  J'     3  4  A.  M. 

3  midn. 

4  8  p.  M. 
9  2  A.  M. 
9             10  p.  M. 

14  2  A.  M. 

15  11  P..M. 
19  3  A.  M. 
19             11  P.  M. 

24  midn. 

25  8  P.  M. 
30  3  A.  M. 

30  11  p.  M. 

31  7     " 
Aug.  4              2  A.  M. 


U.  OPHIUCHI,  Cont. 


4 

10  p.  M 

9 

2  a.  m 

9 

10  p.  M 

14 

3  a.  M 

14 

11  p.  M 

19 

midn 

20 

8  p.  M 

25 

1  A.  M 

25 

9  p.  M 

30 

2  A.  M 

30 

10  p.  M 

Y  CYGNI. 

R.  A 20"  47™  40' 

Dec! +     34°  15' 

Period Id  11"  57"> 


July  4 
7 
10 
13 
16 
19 
22 
25 
28 
31 

Aug.  3 
(5 
9 
12 
15 
18 
21 
24 
27 
30 


3  a, 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 
2 
2 
2 


M. 


Occultations  Visible  at  Washington. 


Date. 

July   i6. 

19... 

23. 

29. 
Aug.  18. 

18. 

22. 

25- 

•  Mu 


star's* 

NaiiK 


K  Libr.'f 
q>  Sngittnrii 
r'  A(juurii* 
aj'  Tauri 
,35  Capricorni 
.37  Caj)ric'<)rni 
rPiscium 
H.  A.  C.  1242 
Itipic  Star. 


IikIc. 
51 

3-7 
5.8 

5-7 

C.2 

6.0 
5' 
6.3 


IMMKKvSION. 
WuHh.     Angle  f 'm 


Mean  T 

h    tn 

6  42 

II  46 

9   12 

14  46 
II  36 

15  42 
>3  24 
>3  49 


N.  l"t. 

120 
126 

57 
123 
121 

78 
100 

3f' 


EMERSION. 

Wash.  AtiRlc  f 'ni  Ditra- 

Mciin  T.  N.I"t.  lion, 

h     jn  °  h  in- 

8  UI.4  296  I    19 

12  46.9  226  I   01 

10    II. 7  263  I   00 

15  20.7  187  o  35 

12    17.6  186  O  42 

16  37.8  230  o  56 
14  14.4  185  o  51 

14   51.2  269  I   02 
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COMET  NOTES. 

Bphemeris  of  the  Tempel-Swift  Periodic  Comet.  In  Bulletin  Astro- 
nomique,  May,  1891,  M.  Bossert  has  published  an  ephemeris  of  this  cornel 
for  the  apparition  of  1891.  He  has  computed  the  perturbations  by  Jupiter 
and  Saturn  and  derives  the  following  elements  for  this  year : 

T=  1891,  Nov.  14..95835  Paris  M.  T. 

ff  =    43°  14'  15.7"  ] 

^^=206    31     14.8      [1891.0 
i=      5    23    13.8     ) 

(p=    40    43    44.4 
log  a  =  0.495370  a  =  3.1288 

log  q  =.0.036071  q  =  1.0866 

The  position  of  the  comet  in  November  will  be  very  favorable  for  ol> 
«ervation,  as  it  will  be  almost  opposite  the  sun  at  the  time  of  its  nearest 
approach  to  the  earth,  which  will  be  in  the  latter  days  of  November.    The 

factor — g-Tg-  by  which  we  judge  of  the  brightness  of  the  cometwas  13.17 

and  6.04  in  1869  at  the  first  and  last  dates  of  observation.  In  1880  the 
factor  was  18.46  on  the  first  and  1.70  on  the  last  date.  This  year  the  fac- 
tor will  become  1.70  on  Aug.  23  and  will  increase  to  a  maximum  of  19.7 
Nov.  26. 


1891 

A  PI 

).  R. 

A. 

A  pp. 

Decl. 

log  J 

Aberration 

1 

(from  earth)  (t 

ime) 

r^  J-' 

lulv   2 

6 

22h 

04"' 
06 

24' 
08 



10° 
9 

07-5' 
38.6 

0.0492 

9" 

'  iS" 

0.21 

lO 

07 

28 

— 

9 

09.8 

9-9993 

8 

17 

0.28 

14 

08 

23 

— 

8 

41.2 

i8 

08 

50 

— 

8 

12.6 

9-9473 

7 

21 

0.39 

22 

08 

49 

— 

7 

44.1 

26 

08 

«5 

— 

7 

>5-7 

9-8936 

6 

30 

0.54 

30 

07 

09 

— 

6 

47-3 

Aug.  3 

05 

27 

— 

6 

18.9 

9.8390 

5 

44 

0.74 

7 

03 

10 

— 

5 

50.4 

11 

22 

00 

18 

— 

5 

21.8 

9-7845 

5 

03 

1.04 

IS 

21 

56 

52 

— 

4 

52-9 

19 

52 

52 

— 

4 

23-5 

9-7314 

4 

28 

1.44 

23 

48 

25 

— 

3 

53-4 

27 

43 

'>  I 

— 

3 

22.6 

9.6812 

3 

59 

1.97 

3« 

38 

20 

— 

2 

50-9 

Sept.  4 

21 

33 

02 

— 

2 

18.2 

9-6353 

3 

35 

2.66 

Oct.  2 

21 

06 

24 

-f 

2 

30.1 

9-SH4 

2 

42 

6.30 

Nov.  3 

21 

44 

11 

+ 

13 

01.6 

9-3851 

2 

01 

14.09 

27 

23 

43 

49 

+ 

26 

24.2 

9-3»>9 

I 

42 

19.68 

Dec.  29 

3 

34 

45 

+  29 

36.3 

9.4883 

2 

33 

6.94 

The  complete  ephemeris  for  September  and  later  months  will  be  given  in 
our  later  numbers. 


The  Re-Discovery  of  WolPs  Periodic  Comet.  A  year  ago  Dr.  Berberich 
very  kindly  sent  me  an  ephemeris  of  Wolf  s  periodic  comet  of  1884,  which  he 
had  computed  in  hope^  that  I  might  be  able  to  find  it  during  1890.  I 
made  repeated  and  careful  searches  for  the  comet  with  a  12-inch  then  with- 
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out  any  success,  and  have  also  searched  carefullj-  as  soon  as  its  position 
was  favorable  this  3'ear.  Though  the  position  was  carefully  examined  the 
comet  remained  too  faint  to  be  detected  until  the  morning  of  May  4th 
when  I  finally  discovered  it  with  the  12-inch  close  to  the  predicted  place. 
Accurate  filar  micrometer  observations  gave  its  position. 

1891  Mav  3d  15i>  23™  33^  Mt.  Hamilton,  M.  T. 
a  appt.  =  22'^  33™  16^71 
6  appt.  =  -!-  13°  11'  27"  .3 

The  comet  was  extremely  faint  and  small.  The  estimated  magnitude 
would  be  between  13.5  and  14.  It  was  about  5"  or  10"  in  diameter — a 
small  indefinite  speck  of  light,  bright  in  the  middle  to  perhaps  an  indefinite 
nucleus. 

The  observations  that  morning  showed  motion,  so  that  no  hesitation 
remained  as  to  the  identity  of  the  object.  A  cipher  telegram  to  Harvard 
College  Observator\'  announcing  the  discovery  was  sent  that  morning  at 
5h  45m     f\\e  comet  has  since  been  observed  on  three  mornings. 

In  the  May  Messenger  Mr.  George  A.  Hill  has  given  an  interesting 
account  of  this  comet  which  covers  all  that  is  known  of  it,  except  perhaps 
the  fact  that  it  was  independently  discovered  on  Sept.  22,  1884,  by  Dr. 
Ralph  Copeland  at  Dun  Echt,  with  the  spectroscope,  while  searching  for 
objects  with  peculiar  spectra.  Dr.  Copeland 's  discovery  was  made  before 
Wolfs  announcement  reached  Dun  Echt  (see  Dun  Echt  Circular,  No.  89). 
This  part  of  its  history  is  important,  as  it  is  the  only  comet  ever  discovered 
with  the  spectroscope.  E.  E.  Barnard. 

Mt.  Hamilton,  May  11,  1891. 


Orbit  and  Ephemeris  of  Comet  a  1891  {Barnard,  March  29).  From 
Barnard's  observations  of  March  29  and  April  3,  and  my  own  of  April  8, 
I  have  computed  the  following  elements  and  ephemeris : 

T=  1891,  April  27.2156  G.  M.  T. 
«  —  Q  =r  175°     8'  19" 
Q  =  193    43    57 
J  =120    32    41 
log  g  =  9.61900         q  =  0.41601 


Or.  M.  T. 

App.  R.  A. 

App. 

Dee. 

Logr 

Log  J 

Light 

June  1.5 

4h    7m36. 

-  32' 

13' 

9-9743 

0.0137 

1.05 

2.5 

4    14 

42 

-33 

28 

3-5 

4   22 

5 

-  34 

42 

4-5 

4   29 

42 

-  35 

^3 

5-5 

4  37 

34 

~H 

3 

0.0073 

O.OIIO 

0.91 

6.5 

4   45 

4» 

-38 

II 

7-5 

4   54 

0 

-  39 

>7 

8.5 

5     2 

33 

-  40 

20 

9-5 

5    >> 

18 

-  4' 

20 

0-0377 

0.0143 

0.78 

10.5 

5  20 

16 

-42 

19 

"5 

5  29 

24 

-43 

14 

12.S 

5   3« 

44 

-  44 

5 

13-5 

5  48 

'3 

-  44 

P 

0.0658 

0.0238 

0.66 

14.5 

5  57 

50 

-45 

'1-5 
16.5 

6     7 
6   17 

32 
•9 

-46 
-46 

20 
58 
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Log  r        Log  J      Light. 
0.0918        0.0386        0.54 


0.1 160        0.0579        0.44 
0.1386        0.0805        0.36 


0.1598        0.1053        0-29 
0.2930        0.3085        0.06 

An  examination  of  the  ephemeris  shows  that  the  theoretical  light  of  the 
comet  will  be  three  magnitudes  fainter  on  July  31st  than  at  discover}'. 
This  would  make  the  comet  about  11.5  magnitude,  not  allowing  for  any 
intrinsic  light  which  may  have  been  developed.  O.  C.  Wendell. 

Harvard  College  Observatory,  May  13,  1891. 


Gr.  M.  T. 

App.  R.  A. 

App.  Dec, 

June  17.5 

6 

27 

7 

-  47  33 

18.5 

6 

37 

» 

-48   4 

19.5 

6 

46 

52 

-48  32 

20.5 

56 

37 

-48  57 

21-5 

6 

18 

-  49  19 

22.5 

15 

56 

-  49  36 

23-5 

25 

26 

-  49  52 

24.5 

34 

49 

-  50   5 

25-5 

44 

2 

-  50  15 

26.5 

53 

6 

—  50  21 

28.5 

8 

I 

56 

—  50  26 

8 

10 

34 

-  50  29 

29-5 

8 

18 

58 

-  50  32 

June  30.5 

8 

27 

8 

-  50  33 

July  31-5 

II 

6 

26 

—  45  25 

Observations  of  the  Transit  of  Mercury. 

Washington  Observatory,  St.  Louis.  These  observations  were  made 
at  the  Observatorj'  of  Washington  University,  St.  Louis,  with  the  6V2  Clark 
Refractor,  using  the  full  aperture.  A  magnifying  power  of  140  was  em- 
ployed, and  a  shade  glass  was  used  which  gave  a  dirty  white  color  to  the 
sun's  disk.  Although  the  sun  had  an  hour  angle  of  nearly  6  hours  when 
the  transit  began  the  images  were  very  steady  and  sharp. 

Phase  A,  ll*'  53""  14^6,  Gr.  M.  T.— Using  a  micrometer  with  the  wire 
set  to  cut  off  a  small  segment  at  the  exact  point  where  the  planet  was  ex- 
pected, this  was  the  instant  when  the  first  disturbance  at  the  sun's  edge 
could  be  detected. 

Phase  B,  ll**  55""  17'.4-,Gr.  M.  T.— At  this  instant  the  planet's  disk  was 
estimated  to  be  exactly  bisected  by  the  sun's  limb.  This  phase  can  be 
noted  with  great  sharpness  and  the  time  given  cannot  be,  I  think,  more 
than  4  or  5  seconds  in  error. 

Phase  C,  11»»  57"'  29^6,  Gr.  M.  T.— The  planet  appeared  to  be  at  this 
moment  in  geometrical  contact  with  the  sun's  limb. 

Phase  D,  ll'>  57'"  49».0,  Gr.  M.  T.— The  light  first  flashed  round  the  disk 
of  the  planet.  Between  observations  (Cj  and  (D)  there  was  no  distortion 
of  the  planet's  disk  but  it  seemed  to  cling  to  the  edge  of  the  sun.  This  time 
no  doubt  corresponds  to  the  moment  of  true  internal  contact. 

Observations  (A)  and  (C)  are,  I  think,  corresponding  observations  of 
external  and  internal  contact  as  afiected  by  the  irradiation.  Their  mean 
corresponds  closely  with  (B.)  H.  S.  Prichett. 

May  9,  1891. 

U.  S.  Naval  Observatory.  I  have  the  honor  to  acknowledge  the  receipt 
of  your  letter  of  the  13th  inst.,  respecting  the  late  transit  of  Mercury,  and 
beg  you  to  accept  my  thanks  for  it. 
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Doubtless  YOU  will  be  interested  to  know  that  although  the  sun  here 
was  onl\-  about  ten  minutes  high  at  the  beginning  of  the  transit,  and  the 
seeing  was  poor,  Professor  Frisby  succeeded  in  getting  very  fair  observa- 
tions of  the  first  and  second  contacts  with  the  9.6  in.  equatorial.  The  re- 
sulting Greenwich  mean  times  were: 

1st  contact  at  11''  53'"  49' 

2d  contact  at  11    57    41 
May  18,  1891.  F.  V.  McN.\ir.  Captain  U.  S.  N.,  Supt. 


The  observations  were  made  at  the  U.  S.  Naval  Observatory  with  the 
9.6  inch  equatorial.  The  sun's  image  was  ver^'  unsteady,  but  the  observa- 
tion of  the  first  contact  was  made  on  the  chronograph  at  the  very  first 
instant  that  anything  could  be  seen,  the  second  contact  was  the  first 
glimpse  of  light  that  could  be  seen  around  the  planet ;  this  was  also  re- 
corded on  the  chronograph.  The  times  of  contact  are  believed  to  be  as 
good  as  the  very  unfavorable  conditions  would  admit  of.  The  magnih-ing 
power  used  was  132.  E.  Frisby. 


Washburn  Observatory,  Madison,  Wis. — Director  George  C.  Comstock 
reports  that  "we  had  almost  uninterrupted  fair  weather  with  beautiful 
'seeing'  for  a  fortnight,  but  the  afternoon  of  the  5th,  about  two  hours  be- 
fore the  predicted  time  of  the  first  contact  for  the  transit  of  Mercury  with 
the  sun,  the  sky  was  complete!}'  overcast."    No  observations  received. 


G/as^ow,  M;ssour/.— Professor  C.  W.  Pritchett  writes:  "I  made  ver.v 
careful  preparation  to  observe  the  contacts,  but  clouds  entirely  baffled  me. 
Had  the  critical  moments  been  10'"  earlier,  or  3'"  later  I  could  have  suc- 
ceeded well.    I  felt  much  disappointed." 


St.  Paul,  Minn.  — Dr.  T.  D.  Simonton  was  on  the  look-out  for  the  tran- 
sit.* He  says:  "The  sun  was  wholly  invisible  here  at  the  time  of  contacts. 
At  near  7  o'clock,  p.  m.,  I  had  a  satisfactory  view  of  Mercury  crossing  the 
sun's  disc.  Singularly  enough  at  the  right  of  Mercury  was  a  conspicuous 
round  sun-spot  that  might  have  been  taken  for  a  second  (iiitra-Mcrcurial  ?) 
planet,  but  of  double  his  diameter.  If  the  atmos|)here  disturbances  at  the 
low  altitude  of  the  sun  had  not  prevented  my  seeing  the  penumbra  of  the 
spot  I  might  not  have  thought  of  such  a  thing.  " 


Warner  Observatory  Rochester,  N.  F.— Dr.  Swift  writes:  "My  observ- 
ations of  the  transit  of  Mercury  were  rendered  useless,  by  atmospheric 
tremors  caused  mostly  by  the  sun  being  just  above  the  roof  of  a  build- 
ing near  by.  Tlic  i)lanct  more  nearly  resembled  a  carrot  than  a  disk. 
Two  or  three  minutes  after  second  contact  the  sun  disappeared  behind  a 
large  tower  of  the  house  mentioned  above." 


Obttcrvatory  of  the  University  of  Missouri,  Co/M/n/j/n.— Director  Upde- 
grnffsnys:  "The  transit  of  Mercury  was  partially  visible  lierc  through 
clouds.    For  a  week    preceding    the    transit    the    sky    had    been    almost 


Current  Celestial  Phenomena.  291 

■cloudless,  and  the  limb  of  the  sun  was  plainly  visible  in  the  telescope  until 
ten  minutes  before  first  contact.  After  that  time  clouds  obscured  the  sun 
until  about  two  minutes  after  the  first  contact.  At  second  contact  the 
clouds  had  cleared  away  somewhat  so  that  I  was  able  to  observe  it ;  but 
both  the  planet  and  the  sun's  limb  were  so  ill-defined  that  the  observation 
is  not  ver3'  accurate : 

Second  contact  took  place,  11''  57""  58'  G.  M.  T.,  with  uncertainty  of 
about  7".    Ph3^sical  observations  were  impossible  on  account  of  clouds. 
Instrument  used  was  a  7V^-inch  cciuatorial. 

Mr.  H.  C.  Williams,  a  student,  observed  with  a  two-inch  alt-azimuth 
telescope  makinj^  second  contact  time,  11''  57'"  48*  G.  M.  T. 


Lyons,  N.  Y. — Dr.  M.  A.  Veedcr,  of  Lyons,  N.  Y.,  made  "  a  satisfactory 
observation  of  the  transit  of  Mercury  with  a  6-inch  telescope."  "The  plan- 
et was  seen  indenting  the  sun's  edge  at  6''  55""  and  19'  or  20'  Eastern  time. 
The  first  flash  of  light  between  the  planet  and  the  sun's  limb  was  seen 
at  Q^  58™  39'  or  40'.  I  think  that  the  time  of  the  second  contact  was  very 
nearly  correct." 

Observations  of  the  Transit  of  Mercury  May  9,  1891,  made  with  the 
12-inch  Equatorial  of  the  Lick  Observatory.— The  transit  of  Mercury  was 
successfully  observed  here  on  May  9  with  the  12-inch  equatorial. 

The  day  proved  clear  throughout,  though  the  preceding  few  days 
promised  anything  but  a  clear  day  for  the  9th. 

The  first  and  second  contacts  were  observed,  the  planet  being  sharply 
caught  at  the  position  angle  predicted  by  Mr.  Schaeberle: 

1st  contact  1891,  Mav  9th,  3''  46"'  32.7',  Mt.  Hamilton,  M.  T. 
2d  contact  1891,  May  9th,  3''  51'"  19.9',  Mt.  Hamilton,  M.  T. 

I  also  made  forty-six  filar  micrometer  measures  for  the  polar  and  equa- 
torial diameters  of  Mercury,  and  eleven  measures  of  the  position  of  the 
planet  on  the  sun's  disk. 

No  trace  of  Mercury  could  be  seen  before  first  contact  though  it  was 
carefully  looked  for,  nor  was  that  portion  oft'  the  sun  visible  between  first 
and  second  contacts.  No  bright  spot  was  seen  on  the  planet,  nor  any  at. 
mosj)heric  ring— such  as  was  seen  about  Venus  at  the  transit  of  December 
6, 1882.  A  careful  examination  of  the  sun's  disk  showed  nothingthat  could 
be  taken  for  a  satellite. 

Some  excellent  photographs  of  the  transit  virere  made  by  Mr.  Burnham 
with  the  twelve  inch  between  the  micrometer  measures. 

As  a  matter  of  popular  interest  I  would  say  that  a  preliminarj'  reduc- 
tion of  the  measures  for  the  planet's  diameter  give  2960  miles  for  that 
value,  which  must  be  taken  as  altogether  provisional,  until  the  measures 
are  thoroughly  reduced.  The  measures  do  not  indicate  any  polar  compres- 
sion. E.  E.  Barnakd. 

Mt.  Hamilton,  May  11,  1891. 

Note.  The  times  of  contact  expressed  in  Standard  Pacific  Time  {8^ 
slow  of  Greenwich)  would  be 

1st  contact,  3''  53'n  7.0\ 
2d  contact,  3''  57""  54.2'. 
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The  first  contact  occurred  1™  11.5' earlier  than  the  prediction  of  Pro- 
fessor Schaebrle,  which  was  based  on  the  data  of  the  American  Ephemeris 
and  Nautical  Almanac;  and  1™  11'  earlier  than  the  prediction  of  Professor 
Coaklev.  E.  E.  B. 


Central  High  School,  Philadelphia,  Pa.— Under  date  of  May  4,  Profes- 
sor M.  B.  Snj-der,  of  the  Central  High  School,  Philadelphia,  sent  us  the  fol- 
lowing important  statement  in  regard  to  observing  the  transit  of  Mercury. 
We  are  sorr}'  that  it  was  not  on  hand  earlier  for  the  use  of  observers  who 
read  the  Messenger.  He  says:  "Calling  your  attention  to  an  account  of 
peculiar  observations  made  on  Mercury  in  Transit  of  May,  '78  (see  Wash- 
ington Observatory,  1876,  Part  2,  Report  of  Transit  of  Mercury,  page  100 
and  101),  I  would  ask  you  to  see  whether  Mercury  can  not  be  seen  as  a 
complete  disc  when  midway  on  the  solar  limb,  using  rested  eyes  and  quick 
glance  into  the  telescope.  In  '78  I  at  that  phase  caught  a  glimpse  of  the 
entire  disc  and  very  delicately  illumined.  Since  this  phenomenon  has 
seemed  to  me  evidence  of  an  atmosphere  of  Mercury-,  and  so  far  as  I  know 
the  only  telescopic  evidence  revealed  by  transits,  I  am  anxious  to  have  a 
careful  trial  made  to  see  it  again.  It  being  possible  that  the  phenomenon 
mentioned  can  be  seen  only  at  a  certain  phase  of  the  transit  it  seems 
desirable  to  make  repeated  trials  in  the  manner  mentioned  at  about  mid- 
way between  first  and  second  contacts. 

First  contact  can  be  caught  most  certainly  by  the  contrast  method 
used  by  me  successfully  both  on  Mercury  and  Venus.  Sweep  telescope  at 
the  point  and  signal  chronographicallj'  the  first  peculiar  change  in  the  light 
tone  along  the  limb.    Then  watch  and  verify  the  appulse." 


Annular  Eclipse  of  the  Sun  June  6, 1891.— In  our  last  number  we  gave 
notice  of  this  eclipse,  with  chart  of  the  path  of  the  moon's  shadow  across 
the  earth,  and  cut  showing  maximum  obscuration  at  Northfield.  For  the 
sake  of  readers  who  may  not  have  seen  that  number  wo  repeat  the  sub- 
stance of  that  note. 

The  central  line  of  eclipse  crosses  the  Arctic  Ocean,  touching  land  only 
in  the  north  of  Siberia.  In  the  United  States,  the  eclipse  will  be  partial  in 
the  western  states.  At  Chicago,  it  will  last  only  25  minutes,  beginning  at 
9h  12""  and  ending  at  9^  37'"  central  time.  At  Carlcton  College  Observa- 
tory it  will  begin  at  S**  45""  and  end  at  IC"  08"',  the  moon  covering  only 
about  one-eighth  of  the  sun's  diameter  at  the  middle  of  eclipse.  The  inoon 
will  first  touch  the  sun's  limb  about  55°  west  from  the  north  point  and 
leave  it  at  10°  east  from  the  north  point.  In  the  wcsU-ni  ])art  of  the  United 
States,  and  c»iKrciaIly  in  Alaska,  the  obscuration  will  be  much  greater  and 
last  longer. 


Urillinnt  Meteor.  On  May  3,  at  9:45  p.  M.,  Eastern  standard  time,  a 
meteor  npi)carc<I  (ns  viewed  from  Charlottesville,  Vn.)  near  it  Draconis, 
poRiMrd  n  little  to  the  south  of  fi  Ccphei,  and  vatiislicd  near  ;'  Cassiopciac, 
occupying  about  3  seconds  of  time  in  its  flight.  It  wj«s  many  times  as 
bright  ns  Vff'"  ■''  ';' r  ninximum  brilliancy,  and  pr''^'!'*- -I  tlu-  nppcnrniioc 
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of  a  ball  from  a  large  "  Roman  candle  "  at  a  distance  of  some  200  3-ds.  Its 
light  was  pure  white  when  it  vanished,  but  during  its  flight  there  was  a 
striking  iridescence.  This  iridescence  I  cannot  describe  accurateh-,  as  the 
meteor  was  seen  through  the  foliage  of  trees.  The  same  cause  prevented  a 
a  more  accurate  observation  of  its  path.  It  passed  behind  some  streaks  of 
thin  cloud,  and  I  think  the  iridescence  was  greatest  when  it  was  shining 
through  these.  m.  w.  h. 

Universit)'  of  Virginia,  May  4-,  1891. 


A  Bright  Meteor.  1  give  herewith  an  account  of  a  meteor  seen  by  my- 
self on  Sunday,  May  3,  at  6:13  p.  M.,  local  time;  it  was  bright  sunlight  at 
the  time.  The  meteor  started  from  a  point  about  20°  above  the  south- 
eastern horizon,  pursued  a  northerl}-  course,  traversing  an  arc  of  about 
70°,  disappearing  at. a  point  about  50°  above  the  horizon  at  north-east. 
The  color  was  an  intense  white,  the  apparent  diameter  of  the  disc  was 
about  10'  and  there  was  a  distinct  train  some  six  degrees  in  length.  I 
could  detect  no  report  but  at  the  point  of  disappearance  the  sk\'  assumed 
a  copper  color  for  some  seconds. 

It  was  rather  difficult  to  estimate  the  diameter  of  the  meteor  as  it  had 
something  of  the  appearance  of  an  arc  light  seen  through  ground  glass.  I 
have  given  what  appeared  to  be  the  diameter  of  the  nucleus. 

Detroit,  Mich.  H.  S.  HrLBKRT. 


NEWS  AND   NOTES. 


The  unusual  demands  on  those  in  charge  of  the  Observatory  and  The 
Messenger  during  the  month  of  May,  have  delayed  the  issue,  of  this 
number  for  a  few  days.  The  chief  cause  was  the  attention  demanded  in 
setting  the  new  16-inch  telescope  recently  completed  and  now  in  place. 


Appropriate  reception  exercises  for  the  new  Williams  telescope,  and 
ceremonies  for  naming  the  new  Observatory  building  will  take  place  June 
11,  1891.  This  will  be  one  of  the  important  features  of  the  Annual  Com- 
mencement occasion  at  Carleton  College  for  this  year.  The  principal  ad- 
dress in  connection  with  these  exercises  will  be  delivered  by  Professor 
Charles  S.  Hastings,  Department  of  Ph\'sics,  Yale  University.  His  theme 
will  be  "The  History  of  the  Telescojje."  A  large  number  of  invitations 
have  been  given  to  scientific  gentlemen  in  the  state  and  outside  of  it.  The 
occasion  promises  to  be  one  of  large  interest. 


Mr.  W.  R.  Warner,  Warner  &  Swasey,  Cleveland,  Ohio,  will  \yc  present 
in  Northfield,  during  the  Commencement  occasion,  and  formalU'  turn  over 
the  new  telescope  mounting  to  the  College  authorities  on  the  part  of  the 
makers.  Mr.  J.  A.  Brashear,  of  Allegheny'  City,  will  also  be  present  at  the 
same  time  bringing  with  him  the  16-inch  objective  and  other  optical  parts 
belonging  to  the  telescope  which  he  is  under  contract  to  furnish.  The 
mounting  has  several  new  fejitures  which  will  be  described  soon  that  our 
readers  ma^-  know  definitely  of  them.    So  far  as  known  from  preliminary 
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tests  the  objective  has  come  out  handsomely.  A  full  report  of  it  will  also- 
appear  in  due  time.  The  rapidity  with  which  this  16.2-inch  objective  has- 
been  completed  is  simply  marvelous.  The  methods  used  in  constructing^ 
this  telescope  and  two  others  recentl3',  one  for  E.  E.  Hale,  of  Chicago,  and 
the  other  for  Professor  Upton,  of  Brown  University,  Providence,  R.  I.,  seem 
to  us  to  promise  a  speedy  revolution  in  the  art  and  science  of  telescope- 
making.  

Last  month,  we  made  a  trip  to  Cleveland  and  to  Pittsburgh  to  examine 
the  new  telescope  and  to  give  orders  for  details  and  accessories.  While  in 
Cleveland  we  were  delightfully  entertained  at  the  home  of  Mr.  and  Mrs. 
W.  R.  Warner,  who  know  how  so  well  to  make  even  informal  vsrays  con- 
tribute to  a  continual  round  of  pleasure  in  their  gifted  hospitality.  It  was 
here  we  met  Dr.  Thwing,  President  of  the  University,  Professor  Morley  and 
other  friends  including  Mr.  Brashear,  of  Pittsburgh,  and  Mr.  and  Mrs. 
Swasey.  While  in  Allegheny  Cit}',  to  view  the  progress  of  our  optical 
\vork,  we  found  a  hearty  and  generous  welcome  at  the  home  of  Mr.  and 
Mrs.  Brashear,  and  the  day,  at  his  shop,  witnessing  the  tests  for  centering 
our  large  crown  lens,  and  other  work  upon  it,  as  well  as  some  tests  on 
an  imperfect  lens  to  determine  causes  of  trouble,  furnished  rare  opportunity 
for  knowledge  of  the  practical  side  of  the  optician's  art.  Such  lessons  are 
invaluable,  no  one  can  forget  them. 


Astronomical  Societies.  We  have  noticed  with  interest,  that  there  is- 
desire  in  the  minds  of  those  looking  for  means  of  improvement  in  scientific 
studies  and  general  information,  to  form  associations  for  this  purpose. 
This  is  to  be  commended,  and  such  a  movement  will  certainly  result  in  large 
profit  to  those  who  will  wiselv  use  means  at  hand,  or  that  which  is  within 
easy  reach.  The  stud\'  of  elementar3'  astrononi)-  is  no  exception.  It  is  dif- 
ficult, as  many  an  earnest  student  has  found,  to  go  rapidly  and  wisely  for- 
ward, in  this,  or  anj'  other  studj',  depending  wholly  on  self-instruction. 
The  mind  should  be  exercised  largely,  liberally  and  sharply,  in  testing  and 
using  the  thoughts  of  others  on  the  same  topics.  In  view  of  this  well- 
known  principle,  we  always  like  to  give  an  encouraging  word  to  those  who 
desire  to  form  associations  for  mutual  aid  in  this  rcsjject.  For  amateur 
study,  there  should  be  at  least  three  or  four  live,  current  publications  with- 
in reach,  so  that  students  may  know  the  drift  of  practical  work  and  in- 
vestigation by  those  who  have  experience.  Suitable  i)ublications  for  this 
purpose  arc:  "Publications  of  the  Astronomical  Society  of  the  Pacific," 
Secretary  Burckhaltcr,  San  Francisco,  California;  "The  Journal  of  the 
British  Astronomical  Association,"  E.  W.  Maunder,  Editor,  London,  Eng- 
land;  "The  Observatory,"  edited  by  H.  H.  Turner  and  A.  A.  Common, 
Royal  Observatory,  (ireenwich,  lilngland.  For  knowledge  and  study  of  the 
profcHsionnl  side  ol  the  science,  "  The  Astronomical  Jounwil,"  by  Dr.  B.  A. 
Gould,  Cambridge,  Mans.,  and  the  "  Astronomische  Nachrichten,"  by  Dr. 
A.  KrucKcr,  Kiel,  (lernuiny,  are  periodicals  of  great  value. 

Another  indispcnsible  aid  to  the  study  of  elementary  astronomj'  is  a 
tele»co|>e,  larf^e  or  hmall,  nccordinj;  to  the  means  of  the  individual  or  the 
aftocintion.  The  nll-imj)ortnnt  (lucstion  that  meets  the  student  at  this 
point  it,  How  con  the  l*c»t  instninient  l)c  procured  with  the  least  outlay  of 
money?    Upon  this  jioint  more  will  be  Haid  luulcr  tuiother  head  or  later. 
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The  New  Elbow  Equatorial  at  the  Observatory  of  Paris. — Several  ye^rs 
ago  M.  Loewy  devised  an  equatorial  telescope  of  the  "elbow"  form,  which 
would  permit  the  observer  to  sit  in  a  comfortable  room,  without  changing 
position  with  the  diurnal  motion  of  the  star  in  view.  Such  an  instrument 
was  constructed  at  the  Observatorj'  of  Paris  and  has  proved  so  satisfactory 
in  use,  that  a  new  instrument  on  the  same  plan,  considerably  larger  than 
the  first,  has  been  made  and  was  this  spring  installed  in  its  new  building  at 
Paris.  The  illustration  which  we  give  is  reproduced  from  "L'Astronomie," 
May,  1891.  The  telescope  is  provided  with  both  visual  and  photographic 
objectives  of  0.60"^  (23.6  in.)  aperture,  and  18  metres  (59  feet)  focus.    The 


polar  axis  is  18  metres  long,  the  tube  of  the  telescope  itself  forming  this 
axis.  The  elbow  which  turns  about  the  lower  end  of  this  axis  is  4  meters 
long.  This  carries  the  two  large  plane  mirrors  which  reflect  the  light  of 
stars  into  the  object  glass.  The  cA'c-piece  is  at  the  upper  end  of  the  tube  in 
a  closed  room  of  the  tower  at  a  height  of  49  feet.  An  ingenious  mechanism 
enables  the  telescope  find  mirrors  to  so  move  that  the  observor,  without 
changing  his  position  and  without  the  discomfort  of  external  temperature 
ma^-  follow  any  star  in  its  diurnal  motion  in  anj'  part  of  the  visible  heavens. 

The  new  instrument,  including  the  building  in  which  it  is  placed,  cost 
about  400,000  francs. 

The  image  of  the  moon  at  the  focus  of  the  telescope  will  be  0.18"*  (7.08 
inches),  and  this  will  be  magnified  directly  by  the  instrument  so  that  pho- 
tographs of  the  moon  over  three  feet  in  diameter  may  be  taken. 


The  Perseid  Radiant.  I  am  still  unable  to  see  any  grounds  for  the 
personal  quarrel  which  Mr.  Denning  seeks  to  fasten  on  me.  I  accept  all 
his  published  observations  just  as  Mr.  Gore  accepts  all  those  of  Mr.  Bum- 
ham.    I  merely  contend  that  these  observations  do  not  prove  any  shifting 
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of  the  Perseid  radiant,  and  on  this  point  I  think  an}'  reader  of  the  Sidereal 
Messenger  who  will  examine  his  catalogue  (striking  out  the  word  "Per- 
seids"  in  his  description,  which  in  m^^  opinion  is  often  misapplied)  will 
agree  with  me  that  the  evidence  at  present  available  is  insufficient  to  es- 
tablish the  shifting  to  any  high  degree  of  probability — except,  perhaps  for  a 
very  few  daj'S  before  and  after  August  10.  This  contention  is  based  not 
on  the  rejection  but  on  the  acceptance  of  Mr.  Denning's  observations.  I 
maj'  illustrate  it  thus,  Mr.  Burnham  contends  that  the  observations  on  61 
Cygni  prove  nothing  but  rectilinear  motion.  I  think  it  would  be  quite 
competent  for  me  to  contend  that  they  establish  curvilinear  motion,  not- 
withstanding that  I  have  never  measured  this  star  myself  and  that  my 
inferences  might  be  chiefly  drawn  from  Mr.  Burnham's  observations. 
And  I  am  quite  sure  that  if  I  did  so,  Mr,  Burnham  would  reply  to  me  in  a 
ver3'  difl'erent  tone  from  that  adopted  b^'  Mr.  Denning. 

I  hope  the  coming  shower  will  be  observed  carefulh^  in  America,  and  I 
should  be  glad  to  hear  the  opinion  of  American  observers — Mr.  Sawder  in 
particular,  as  to  the  supposed  shifting  of  the  radiant. 

Dublin.  May  14,  1891.  W.  H.  S.  Monck. 


The  Paris  Observatory.  The  Annual  Report  of  the  Director  of  the 
Observatory  of  Paris  for  the  j'ear  1890  has  recently  come  to  hand.  It 
givcH  a  verj'  full  statement  of  the  work  which  is  being  done  b\'  the  difl'erent 
observers,  and  impresses  one  with  the  magnitude  and  variety  of  work 
which  is  being  carried  on.  The  principal  events  of  1890  to  which  the 
Director  calls  the  attention  of  the  Council,  are  the  completion  of  the  build- 
ing for  the  new  equatorial  coud^  of  23.6  inches  aperture  and  the  creation 
of  a  department  of  astronomical  spectroscopy'.  The  work  in  this  depart- 
ment is  put  under  the  charge  of  M.  Deslandres,  who  has  alread}'  got 
together  quite  a  laboratory  and  is  adapting  two  instruments,  the  great 
equatorial  and  the  Foucault  siderostat,  to  the  sjiecial  work. 

.K  considerable  portion  of  the  report  is  given  up  to  a  plea  for  the  estabr 
lishment  of  a  branch  Observator}'  outside  of  the  city.  For  several  years  the 
Observatory  has  lx»en  becoming  more  and  more  hemmed  in  b}-  the  spread- 
ing city  and  now  a  railroad  is  run  within  500  feet  of  the  building  which 
will  render  nadir  observations  and  others,  requiring  jjerfcctly  stable  founda- 
tion for  instruments,  almost  impossible.  The  sulyect  of  the  branch  Ob- 
servatory has  Ijeen  under  consideration  for  several  j'ears  and  has  been 
voted  by  the  Council  of  the  Observatory,  and  by  the  Academy  of  Sciences, 
but  the  government  has  not  been  willing  to  grant  the  necessary  funds. 
To  meet  the  c.\]H.'nsc  of  buildings  the  Director,  Admiral  Mouchez,  has  pro- 
poHcd  to  sell  j)art  <if  the  vacant  grounds  of  tlie  ()l)scrv.'itory  which  now 
hnvc  greatly  enhanced  in  market  value  but  arc  of  no  value  for  astronomi- 
cal pHrp{»sf8.  Tiiis  lias  been  agreed  to  by  the  Council  Ijut  the  Academy 
rela«cs  to  sanction  it,  and  so  the  project  has  been  deferred.  It  is  to  Iw 
hoped  that  soon  some  way  out  of  the  difliculty  will  l)e  found,  for  it  is  a 
pity  to  have  the  splendid  ccjuipmcnt  of  the  I'nris  OI)8crvatory  employed  nt 
a  diHndvnntogc  when  there  arc  plenty  of  good  locations  near  the  city. 

Four  great  national  Observatories  have  recently  found  themselves  in 
similnr  situations.    The  Observatory  of  Brussels  luis  just  been  installed  in 
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its  new  quarters  at  Uccle,  those  of  Rio  Janeiro,  Copenhagen,  and  Washing- 
ton are  now  in  process  of  removal  to  new  sites  removed  from  the  distur- 
bances of  the  great  cities. 


Smithsonian  Astro-Physical  Observatory.  Attention  is  called  to  an 
article  elsewhere  in  this  issue,  setting  forth  the  important  fact  that  the 
Smithsonian  Institution  has  established,  as  one  of  its  departments  a  Physi- 
cal Observatory,  the  object  of  which  is  to  prosecute  advantageously'  investi- 
gations in  Telluric  and  Astro-Phvsics  and  particularly  those  with  the 
Bolometer  in  radiant  energ}'. 

This  news  is  gratifying  in  the  extreme,  because  there  is  so  little  scien- 
tific work  of  this  kind  done  anywhere  in  this  country,  and  because  presum- 
ably. Professor  Langley  will  have  the  responsible  direction  of  that  which  is 
now  proposed  at  Washington,  and  which  he  is  so  well  fitted  to  advance,  if 
the  needful  appliances  are  forthcoming.  It  is  to  be  hoped  that  the  under- 
taking will  receive  hearty  encouragement  from  every  source. 


A'eu'  Director  of  Allegheny  Observatory.  Astronomer  J.  E.  Keeler,  of 
Lick  Observatory',  has  been  chosen  Director  of  the  Allegheny  Observatory, 
to  succeed  Professor  Langley  who  has  recently  tendered  his  resignation. 
Mr.  Keeler  has  also  been  appointed  Professor  of  Astro-Physics  in  the  West- 
ern University  of  Penns^-lvania  located  in  Allegheny  City,  and  he  will 
assume  the  duties  of  the  new  position  about  July  1  of  this  year.  The  new 
buildings  of  the  University  are  located  very  near  the  grounds  of  the  Observ- 
atory and  the  shops  of  Mr.  J.  A.  Brashear. 


The  Observatory  at  Nice. — The  third  volume  of  the  Annals  of  the  Ob- 
servatory' of  Nice,  issued  in  1890,  has  rccenth'  been  received  This  is  a  fine 
quarto  volume  of  406  pages  with  also  an  atlas  containing  seventeen  large 
steel  plate  engravings  of  the  solar  spectrum.  The  volume  contains  the 
results  of  observations  of  the  solar  spectrum  b^'  M.  Thollon,from  which  the 
atlas  was  constructed,  a  memoir  on  the  Theory  of  Vesta  by  M.  Perrotin, 
meridian  circle  observations  by  MM.  Fabry,  Jabely,  Simonin  and  Colo- 
mas,  during  the  years  1887  and  1888,  and  observations  of  comets  and 
planetoids  by  M.  Charlois  from  1886  to  1888.  All  of  these  works  are  of  a 
most  accurate  and  valuable  character,  but  that  which  attracts  most  at- 
tention is  the  work  of  M.  Thullon  on  the  solar  spectrum.  The  chart  of  the 
spectrum  is  the  most  accurate  and,  so  far  as  it  extends,  most  complete  of 
any  in  existence  which  depends  upon  micrometric  measures.  The  measures 
were  made  with  a  very  powerful  spectroscope  designed  by  M.  Thollon, 
with  a  train  of  compoinid  prisms  of  bisulphide  of  carbon  and  crown  glass. 
The  chart  was  only  completed  from  the  extreme  red  region  to  the  group 
(6)  in  the  green.  In  this  nearly  half  of  the  visible  sjjectrum  M.  Thollon  has 
designated  1100  purely  ttlhiric  lines  and  277  in  which  telluric  lines  apjiear 
to  be  superposed  upon  solar  lines.  It  was  his  intention  to  extend  the 
chart  to  the  ultra-violet  but  illness,  which  resulted  in  his  death  in  1887 
prevented.     M.  Trdpied  is  continuing  the  work. 
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Photographic  Notes. — The  Observatory  for  May  contains  much  of  in- 
terest on  the  recent  meeting  in  Paris  of  the  Astrophotographic  Chart  Com- 
mittee; below  are  given  brief  quotations  from  these  reports  of  the  meeting. 
The  first  resolution  was  that  the  guiding  stars  might  be  chosen  at  a  dis- 
tance up  to  40'  from  the  centre  of  the  field.  Another  point  was  that  the 
plates  were  to  be  oriented  for  the  epoch  1900  in  the  zones  from  65°  of  the 
pole.  It  was  arranged  that  the  first  series  of  plates  for  the  chart  (centres 
at  even  degrees  ot  declination)  were  to  be  taken  with  a  single  exposure;  fur- 
ther researches  were  to  decide  whether  the  committee  would  recommend 
two  or  three  exposures  instead  of  one  for  the  duplicate  series.  Another 
point  of  importance  was  the  selection  of  the  reference  stars  in  each  plate, 
and  arrangements  for  determining  their  positions;  it  was  agreed  that  on 
each  plate  there  should  be  about  6  stars  the  positions  of  which  were  to  be 
well  determined  b}*  meridian  observations;  thus  it  would  be  necessary-  to 
form  a  catalogue  of  60,000  to  70,000  stars  from  meridian  observations  to 
be  made  within  the  next  few  years.  There  seemed  to  be  a  general  feeling 
that  it  would  be  unworthy  of  the  map  if  it  were  produced  (from  the  nega- 
tives, b}'  anything  except  photography,  and  that  the  most  delicate  tool — 
light — should  replace  the  pantograph. 

The  method  proposed  by  Captain  Abney  for  determining  stellar  mag- 
nitudes photographicallj'  is  worthy  of  careful  attention.  He  measures  the 
total  obstruction  to  light  offered  by  the  image  when  it  is  placed  as  a  screen 
in  front  of  an  aperture.  It  can  in  this  way  be  compared  with  a  scale  of 
screens  or  with  a  graduated  screen  and  the  total  action  measured  ;  the  re- 
lation between  the  total  action  and  the  brightness  of  the  source  has  been 
special!}'  and   successfully    investigated   by  Captain  Abney. 

Mr.  Roberts  speaks  strongly  of  the  uncertainties  which  are  met  in 
determining  lengths  of  exposure  in  stellar  photography.  He  mentions  ex- 
traordinary differenc*  s  in  results  on  diflerent  nights,  having  found  in  one 
case  that  an  hour's  exposure  on  a  seemingly  good  night  photographed  less 
stars  than  a  fifteen  minute  exposure  on  an  apparently  bad  night. 

In  regard  to  preliminary  exposures  Captain  Abney  recently  said :  '•  I 
think  it  would  be  ver}*  much  better  to  get  a  more  sensitive  i)late  which  does 
not  rccpiire  a  preliminary  exjjosure.  As  a  rule  1  believe  that  every  quick 
plate  that  is  sold  has  had  a  preliminary  exposure,  or  what  is  eciuivalent,  a 
j)rcliminary  decomjjosition  of  silver  salts,  that  is  to  say  tluit  the  manufac- 
turer has  fogged  it  unwittingly.  A  plate  15  on  the  sensitometer  may  be 
made  to  show  23  by  a  preliminary  exposure.  When  you  come  to  estimate 
star  magnitudes  you  must  recollect  you  are  altering  entirely  the  ratio  of 
your  densities  and  discs  when  you  give  this  preliminary  cxjjosure.  •  *  * 
If  you  want  to  get  out  a  great  many  stars  and  do  not  care  about  their 
nuignitudrH  particularly  it  would  be  very  advisible  to  give  a  i)rcliminary 
exposure,  but  if  you  wish  to  measure  magnitudes  do  not  do  it.  It  is  better 
to  have  a  standard,  and  the  only  standard  is  a  ])late  that  is  jierfcctly 
bright." 

It  in  Htnted  that  the  first  photograph  of  lightning  was  taken  by  Mr. 
Hcmler,  fjf  Chicago,  in  IKoO,  when  he  ol)tuined  a  daguerreotype  of  a  Hash 
of  Kghtning  which  wn«  of  excellent  (|unHty. 
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Boston  University  Observatory  for  Instruction.— Boston  University  has 
recently  added  to  its  facilities  for  instruction,  by  the  erection  of  a  small 
Astronomical  Observatory.  The  telescope  has  an  object  glass  of  seven 
inches  clear  aperture,  with  a  focal  length  of  eight  feet  and  one  inch. 

The  lenses  were  ground  by  John  Clace3',  of  Boston,  and  are  finely  cor- 
rected. The  equatorial  mounting,  driving  clock  and  filar  micrometer  were 
made  by  G.  W.  Saegmuller,  of  Washington.  A  Bond  sidereal  chronometer 
furnishes  the  time ;  it  is  being  rated  by  comparison  with  a  sounder  placed  in 
the  Observatory,  and,  through  the  courtesy'  of  Director  E.  C.  Pickering, 
connected  with  the  Cambridge  time  service. 

The  dome  was  erected  by  N.  M.  Lowe,  of  Boston.  It  is  twelve  feet  in 
diameter,  formed  of  oak  ribs  covered  with  copper,  and  revolves  with  great- 
est ease  upon  wheels  in  a  "live  ring."  The  shutter,  two  and  one-half 
feet  wide,  is  believed  to  be,  in  some  resi^ects,  unique  in  its  mechanical  ar- 
rangement. It  moves  to  one  side  by  means  of  a  crank  and  endless  chain 
with  rack  and  pinion.  This  movement  leaves  practically  the  entire  slit  free, 
and  in  every  position  the  shutter  fits  closeh'  to  the  dome,  thus  offering  no 
objectionable  surface  to  the  wind. 

The  provisional  position  of  thetelescojje  is  <p  =  42°  21'  32.5",  A.=4''44"» 
15*.  The  instrument  is  designed  primarilj'  for  purposes  of  instruction, 
though  such  work  will  be  undertakeri*as  the  location  of  the  instrument  and 
the  duties  of  the  lecture  room  will  permit. 


Defects  of  Sensitive  Levels.  — Professor  Safford's  interesting  article  upon 
meridian  observations,  contained  in  the  last  number  of  the  Messenger  calls 
attention  to  a  defect  in  the  spirit  levels  which  is  too  rarely  taken  into  ac- 
count by  observers  in  this  conntry :  "In  some  cases  impurities  in  the  ether 
dissolve  particles  of  the  glass,  loosen  other  particles,  and  they  make  the 
bubble  sluggish  by  adhesion."  It  is  interesting  to  note  that  this  peculiarity 
of  levels  has  been  made  the  subject  of  sjjecial  study  by  one  of  the  scientific 
bureaux  of  the  German  government  and  the  results  attained  are  briefly 
summarized  in  a  communication  recently  submitted  to  the  Reichstag.*  The 
following  is  a  rather  free  translation  of  that  part  of  the  report  which  has 
reference  to  this  matter: 

In  the  course  of  time  secretions  are  formed  upon  the  inner  surface  of  the 
glass  and  render  the  level  unfit  for  use.  It  has  been  ascertained  by  experi- 
ment that  these  are  due  to  the  action  of  the  water,  traces  of  which  are  usu- 
ally foiuid  in  the  ether  with  which  the  levels  are  filled.  Since  it  is  exceeding- 
ly difficult  to  fill  a  level  with  ether  which  is  entirely  free  from  water  a  kind 
of  glass  which  is  but  little  affected  by  the  action  of  water  should  be  chosen 
in  the  construction  of  the  level.  .\  method  for  testing  this  quality  of  the 
glass  b^-  means  of  a  color  re-action  has  been  devised  and  may  easily'  be  ap- 
plied even  b3'  an  unskilled  person.  Let  a  glass  tube  be  filled  with  a  solution 
of  water  and  ether  containing  also  a  little  eosin.  After  the  solution  has 
stood  for  some  time  in  the  tube  the  glass  will  assume  a  ruddy  tint  and  the 
greater  the  action  of  the  water  upon  the  glass  the  more  pronounced  will 


•  Die  Thatigkeit  der  Physikalisch— Technischen   Reichsanstalt  bis   Ende   1890. 
Loewenherz. 
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this  tint  become.    By  the  decomposition  of  the  glass  a  certain  quantity  of 
alkali  is  liberated  and  is  transformed  by  the  eosin  into  a  colored  salt. 

The  conclusion  of  the  whole  matter  reached  hy  the  author  of  the  report 
is,  that:  A  level  tube  before  it  is  filled  should  always  be  subjected  to  a  spe- 
cial treatment  consisting  in  removing  from  the  ground  glass  surface  their 
alkaline  components  bj-  means  of  an  acid.  Geo.  C.  Comstock. 


Double  Star  S  503. — Amateur  observers  can  hardh-  find  a  more  inter- 
esting and  striking  example  of  proper  motion  than  S  503,  a  double  star 
first  observed  by  South  in  1825.  It  is  an  easy  object,  the  stars  being  about 
the  seventh  and  eighth  magnitudes.  For  the  past  few  years  the  brighter 
star  has  been  passing  by  the  fainter  at  a  rapid  rate.  Their  nearest  ap- 
proach occurred  in  1886.  After  South's  measurement  in  1825,  it  was  not 
observed  again  until  1873  when  Eembowski  measured  it  and  found  the 
position  so  unlike  that  of  South  that  he  at  first  supposed  it  to  be  a  new 
double.  Since  that  time  it  has  been  followed  by  the  leading  double  star 
observers.  Its  rapid  motion  has  led  me  to  look  up  the  earlier  measure- 
ments, and  these  I  will  give  below,  as  the  sources  maj'  not  be  available  to 
all  your  readers.  I  find  most  of  them  in  Mr.  Burnham's  Contribution  to 
the  Memoirs  of  the  Royal  Astronomieal  Society,  1883,  and  the  more  recent 
in  the  Astronomische  Nachrichten.  I  subjoin  my  own  values  for  '90  and 
'91.  S  503,  5'>  49'"  -f  13°  56'. 


1825  07 

134.1° 

39.94" 

S. 

1873.93 

120.1 

8.08 

De. 

75.21 

118.6 

7.07 

Dc. 

75.88 

117.5 

6.72 

De. 

81.18 

99.3 

3.58 

B. 

82.16 

92.4 

3.28 

B. 

83.11 

82.6 

2.90 

B. 

86.19 

40.0 

2.27 

Ho. 

87.04- 

30.4 

2.83 

Tarrant. 

88.17 

19.7 

3.29 

Tarrant. 

89.11 

8.6 

3.36 

B. 

90.14 

0.8 

4.41 

91.21 

353.2 

4.60 

M.  \V.  Whit 

The  Pcrseid  Radiant.  The  approach  of  the  season  for  observing  the 
I'crscid  meteors  leads  me  to  exjiress  a  hoiw  (through  the  medium  of  your 
columns)  that  these  meteors  will  be  closely  observed  in  America  during  the 
present  year.  The  chief  points  to  which  observation  should  be  direc  ed  (at 
least  ns  tegnrds  the  rival  theories  of  Mr.  Denning  and  myself)  are  as 
follow  : 

1.  Do  meteors  come  from  the  ])rincii)al  radiant  situated  at  about  44° 
K.  A.  56  N.  Decl.  l)efore  and  after  the  first  fortniglit  in  August  ? 

2.  Mr.  Denning's  first  five  positions  of  his  shifting  radiant  being  3°  R. 
A.,  49*  N.  Decl.  on  July  8;  11°  R.  A.,  48°  N.  Decl.  on  July  13;  19°  R.  A.,51°' 
N.  Decl.  on  July  19;  25°  R.  A.,  52"  N.  Decl.  on  July  22  and  23  and  29°  R.  A., 
54"  N.  Decl.  on  July  27;  two  (juestiuns  arise:  (u)  Do  meteors  come  from 
theijc  five  jKiintH  at  other  dates  than  those  given  above?  And  {b)  do 
inrtcors  come  from  inlermcdinte  positions  at  intermediate  dates? 

Dublin,  May  9.  \V.  H.  S.  Monck. 
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Brooklyn  Institute. — At  the  annual  meeting  of  the  Astronomical 
Department  of  the  Brooklyn  Institute  on  May  1 1  officers  were  elected  as 
follows:  President,  Garrett  P.  Serviss;  Vice  President,  Arthur  C.  Terry; 
Secretary,  W.  F.  Sebert;  Treasurer  and  Librarian,  B.  G.  Way. 

The  annual  reports  showed  the  department  to  be  in  a  flourishing  con- 
dition.  Besides  its  regular  meetings  it  has  given  during  the  past  3'ear  a 
series  of  popular  lectures  which  have  been  ver\'  largely  attended.  During 
the  coming  year  an  effort  is  to  be  made  to  extend  the  activity  and  useful- 
ness of  the  department  both  in  its  scientific  work  and  in  its  relations  to  the 
public  at  large.  

Catalogue  of  the  Crawford  Library  of  the  Royal  Observatory,  Edin- 
burgh, Scotland. — This  is  a  ro3'al  octavo  volume  of  497  pages.  It  contains 
the  titles  of  the  various  books,  pamphlets  and  manuscripts  collected  in  the 
Library  of  the  Dunecht  Observatory  it  the  years  1872  to  1888,  the  whole 
of  which  were  presented  to  the  Edinburgh  Koyal  Observatory  by  James 
Ludovic,  Earl  of  Crawford,  in  the  .\utumn  of  1888. 

The  Catalogue  is  an  alphabetical  one,  arranged  chiefly  according  to  the 
authors'  names  which  appear  in  clear  heavy-faced  tj'pe;  then  follow  the 
title  of  the  book,  and  sub-titles  when  necessary  to  give  a  more  definite  idea 
of  the  book,  or  to  distinguish  it  from  other  editions  by  the  same  author, 
the  tomes,  parts  or  volumes ;  the  size,  place  of  publication  and  other  im- 
portant characteristics  that  a  complete  catalogue  might  be  exjiected  to 
show.  For  more  readj'  reference  for  some  works,  subject-headings  have 
been  introduced.  In  such  cases  if  the  author's  name  is  given  the  book  is 
catalogued  twice.  These  subject-headings  may  be  illustrated  by  the  follow- 
ing examples:  "Academies,"  "Astronomical  Curiosities,"  "Aurora 
Borealis,"  "Bibliography,"  "Calendars,"  "Comets"  and  "Dictionaries." 
This  catalogue  was  comjjleted  and  has  been  distributed  b\-  Ralph  Copeland 
the  director  of  the  Royal  Observatory  at  Edinburgh,  and  is  certainly  a  verv 
useful  one  for  students  of  astronomj*  and  kindred  sciences. 


Erratum.  We  are  very  sorry  to  notice  too  late  for  correction  that  Fig. 
7,  page  172,  was  repeated  in  the  place  of  Fig.  9  which  is  given  below  and  is 
meant  in  explanation  on  page  179. 
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The  Pacific  States;     The  Works  of  Hubert    Howe    Banxroft.      In 

thirty  nine  volumes,  San  Francisco:    The  History  Compan3'. 

The  annals  of  literature  cannot  furnish  a  parallel  to  the  remarkable 
achievement  of  Mr.  Hubert  Howe  Bancroft.  We  have  here  an  imposing 
series  of  massive  volumes,  aggregating  some  thirty  thousand  pages,  all 
published  within  nine  ^-ears;  and  this  enormous  product  is  not,  like  poetry 
or  fiction,  evolved  from  the  mind  of  the  writer,  but  it  is  the  product  of  the 
most  laborious  research  through  a  vast  mass  of  raw  material,  conducted 
with  the  most  painstaking  care.  The  whole  Pacific  slope  has  been  care- 
iuWy  treated,  from  the  five  volumes  on  the  Native  Races  down  to  the  year 
1890. 

It  is  not  strange  that  many  devotees  of  literature  have  felt  and  ex- 
pressed a  mild  contempt  for  a  work  planned  on  so  vast  a  scale  and  so 
rapidlv  executed.  The  man  who  puts  ten  years  of  conscientious  labor  on  a 
volume  or  two,  can  hardh-  look  with  complacenc3'  upon  another  who  can 
put  forth  fort3'  volumes  in  the  same  time,  and  feels  that  quality  must  have 
been  sacrificed  to  quantity.  In  a  certain  sense  this  has  been  done.  As  Mr. 
Bancroft  tells  us  in  the  volume  on  "Literary  Industries,"  the  material  has 
been  worked  up,  and  in  large  part  the  narratives  written,  b^'  a  corps  of  as- 
sistants, and  his  own  work  has  been  that  of  editor,  though  he  has  himself 
worked  out  some  more  critical  portions  of  the  history.  In  no  other  wa\' 
could  the  prodigious  work  have  been  accomplished.  It  is  not  for  its  liter- 
arj'  qualities  that  the  work  is  valuable.  It  is  hardly  likely  that  the  en- 
thusiastic hope  of  the  author  will  be  realized,  that  the  work  will  be  a 
household  treasure  in  the  homes  of  the  western  slope,  and  the  boys  and 
girls  will  devour  these  volumes  as  they  now  do  their  magazines.  It  is  as  a 
storehouse  of  material  and  an  index  of  original  sources  that  it  is  of  greatest 
value;  as  such  it  is  invaluable. 

By  no  means  do  we  deny  to  these  volumes  an  interest  to  the  general 
reader.  If  they  will  not  take  a  place  beside  the  works  of  Gibbon  and 
Macaulay  in  general  literature  there  are  passages  and  even  whole  volumes 
full  of  fascination.  But  the  very  size  of  the  work  is  against  its  general  ac- 
ceptance. The  reader  of  to-daj'  is  too  lazy,  and  he  finds  too  much  of  liter- 
ary sweet-meats  carefully  broken  to  his  taste,  to  make  it  at  all  likel_v  that 
he  will  even  attempt  to  work  his  way  through  such  a  mass  as  tliis.  But 
to  the  serious-minded  reader  of  American  history,  and  to  the  sjjecial  student 
this  work  is  of  grexit  value  and  interest,  and  it  certainly'  ought  to  be  in 
every  large  jjublic  library  and  in  every  college  library. 

The  storj'  of  the  growth  of  this  great  enterprise  ns  told  by  Mr,  Ban- 
croft i«  one  to  stimulate  the  render  through  the  writer's  own  enthusiasm. 
The  trnnsformation  of  the  youthful  bookseller  among  the  rough  surround- 
ings of  early  California  into  the  entluisiaslic  collector  in  every  part  of  the 
world  where  material  on  the  Pacific  slates  miglil  exist,  ami  his  further 
trnnsformation  into  the  autlior-editor  of  the  greatest  literary  enterprise  of 
the  day  is  certainly  uni(|uc.    The  great  collection  ol  historical  material 

j.ir.il/.  ;•!  |,i<i.-ii  Ml  inn    (ill-  (lif   wiiliiii'  of  thisi-  liisldiiis,    is  .111   Iwiiior  to  the 
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man,  and  to  the  region  that  contains  it.  It  was  indeed  a  noble  enthusiasm 
that  took  so  capable  a  business  man  from  his  great  business,  and  drove  him 
to  spend  years  of  time  and  hmidreds  of  thousands  of  dollars,  to  preserve 
and  set  forth  the  history  of  his  adopted  state,  and  the  resulting  work  is  of 
great  value  not  only  to  the  region  treated  of,  but  to  the  whole  world. 

While  the  literary  execution  of  the  history'  is  not  marked  by  great  rhe- 
torical excellence,  it  is  not  slovenly  nor  inadequate.  The  temper  of  mind  is 
judicial,  and  the  facts  are  set  forth,  so  far  as  we  can  judge,  without  fear  or 
favor.  It  is  a  history  of  the  people  and  preserves  for  all  time  the  picture  ot 
an  unicjue  period  in  the  world's  history,  in  such  detail  as  to  make  it  vivid 
and  lasting. 

We  hope  to  follow  this  general  article  with  others  on  some  of  the  sepa- 
rate parts  of  Mr.  Bancroft's  work. 


Telescopic  Work  for  Starlight  Evenings,  by  William  F.  Denning,  F.  R.  A.  S., 
Messrs.  Taylor  &  Francis,  Red  Lion  Court,  Fleet  Street,  London,  Eng- 
land. 1891,  pp.  361. 

This  important  book  was  written  by  Mr.  Denning,  at  the  suggestion  of 
friends  who  became  interested  in  the  articles  which  he  prepared  on  "Tele- 
scopes and  Telescopic  Work"  for  the/our/ja/of  the  Liverpool  Astronomical 
Societ3',in  1887-H;  on  "  Large  and  Small  Telescopes,"  "Planetary  Observa- 
tions," and  kindred  topics  that  he  has  furnished  from  time  to  time  to 
the  Observatory  and  other  scientific  serials.  These  articles  have  been  re- 
written and  so  much  extended  to  include  new  matter  that  they  are  virtu- 
ally new,  and  the  book  itself  has  the  force  of  an  entirely  new  production_ 
A  glance  at  its  table  of  contents  will  interest  any  reader  of  astronomy  who 
knows  anything  of  the  author's  abilitj-  as  a  practical  astronomer  and  a 
ready  writer  on  general  astronomical  themes.  The  first  chapter  deals  with 
the  Telescope,  its  invention  and  the  developement  of  its  powers.  The  early 
history  of  attemjits  at  telescoi)e  making,  and  a  reference  to  the  state  of  sci- 
■entific  knowledge  in  the  seventeenth  century  is  a  fitting  introduction,  for  a 
brief  and  concise  statement  of  the  elemental  principles  of  the  telescoi>e, 
which  began  to  be  known  in  the  study  of  the  optical  powers  of  glass  and 
some  other  transjjarent  substances.  The  different  forms  of  the  reflecting 
telescope  are  illustrated  and  commented  upon,  accompanied  by  good  pic- 
tures of  Sir  Isaac  Newton  and  the  Royal  Observatory  at  Greenwich  in 
Flamsteed's  time.  This  chapter  closes  with  a  statement  concerning  the  eflH- 
ciency  of  the  refracting  telescoiie  as  an  instrument  for  astronomical  work 
which  the  author  is  inclined  to  rate  a  little  higher  than  American  Astrono- 
mers generally  do,  and,  we  suppose,  rightly,  because  from  long  use  he 
knows  exactly  what  that  kind  of  telescope  can  do.  He  also  sjieaks  of  the 
large  telescopes  of  the  world,  giving  items  of  cost,  kind  of  work  the}'  are 
doing,  and  something  of  the  men  who  handle  them.  We  notice  one  slip  of 
the  pen  on  page  18,  where  it  is  said  that  the  noble  instrument  of  the  Lick 
Observatory  at  Mt.  Hamilton,  California,  "is  due  to  the  munificence  of  one 
individual,  the  late  James  Lick,  of  Chicago,"  etc.  Mr.  Lick  was  a  resident 
of  California  and  not  of  Chicago. 

The  second  chapter  is  devoted  to  the  relative  merits  of  large  and  small 
telescopes,  and  it  is  a  timely  article  on  a  theme  that  interests  astronomers 
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in  all  branches  of  work.  The  third  deals  more  directly  with  telescopes  and 
their  accessories,  and  brings  us  a  little  nearer  to  the  author's  work  as  a 
painstaking  observer.  In  this  chapter  he  speaks  of  the  choice  of  a  telescope 
in  the  outset,  compares  refractors  and  reflectors,  noting  points  of  strength 
in  each  quite  fairly,  sets  before  the  reader  what  the  observer's  aims  should 
be,  tells  him  how  to  test  a  telescope  and  its  mounting,  speaks  of  eye-pieces 
and  how  to  use  their  varied  powers  after  learning  how  to  measure  them, 
and  a  large  number  of  other  details  about  the  working  of  a  telescope  that 
even*' obsevrer  ought  to  know.  Then  follow  chapters  upon  these  themes: 
Notes  on  Telescopic  Work;  Sun;  Moon;  Mercurj^;  Venus;  Mars;  Planet- 
oids: Jupiter;  Saturn;  Uranus  and  Neptime;  Meteors  and  Meteoric  Ob- 
servations; The  Stars,  Nebulae,  and  Clusters  of  Stars;  and  Notes  and  Ad- 
ditions and  Index. 

This  book  is  fully  illustrated,  well  printed  on  strong  white  paper,  and 
is  a  credit  to  the  well-known  publishing  House  of  Messrs.  Ta3-lor  & 
Francis.  •  ,  

Optical  Projection.    A  Treatise  on  the  Lantern,  in  Exhibition  and  Scien- 
tific Demonstration.    By   Lewis  Wright,   Author  Light;  A  Course  of 
Experimental  Optics,  with  232  Illustrations.  Publishers,  Messrs.  Long- 
mans, Green  &  Co.,  London,  and  New  York,  15  East  Sixteenth  street. 
1891.    All  rights  reserved,    pp.426.    Price  not  given. 
The  author's  account  of  the  occasion  of  preparing  the  work  before  us 
is  itself  a  sketch  of  work  with  commendable  scientific  zeal  and  persistence. 
After  nearh'  fort^^  jears  of  experimental  study,  the  results  are  gathered  up 
and  presented  in  a  compact,  readable  way,  with  ample  illustration  which 
serves  excellently  t6  define  the  meaning  of  simple  language  in  a  book  of  this 
kind. 

The  author  first  considers  the  art  of  projection  in  the  simplest  way,  and 
this  necessarily  involves  a  description  of  the  principal  parts  of  a  lantern, 
the  most  important  one  of  which  is  the  radiant.  The  things  needful  for  an 
effective  radiant  are  stated,  and  then  the  best  lights  arc  compared,  and  the 
strong  points  of  each  em])hasizcd.  This  study  includes  lanterns  and  their 
manit)ulation,  screens  and  lantern  accessories,  slides,  carriers  and  effects. 
Another  prominent  feature  of  the  book  is  to  show  how  to  use  the  lantern 
fur  scientific  demonstration.  This  includes  a  description  of  the  projection 
microscope,  demonstrations  of  api)ar.-itus  in  nicclianicd  and  molecular 
physics,  and  ])liysiological  demonstration  by  the  aid  of  the  microscope. 
Then,  naturallv  follow  themes  for  illustration  from  chemistry,  sound,  light, 
and  its  y)roperties,  the  S])ectrum,  interference  of  light,  lantern  polarizing 
apparatus,  polarized  light,  heat,  magnetism  and  electricity,  and  scientific 
dmgrams  of  all  kinds.  I'roni  this  broad  range  of  topic,  it  will  at  once  be 
seen,  that  alnK)St  every  thing  connected  with  the  work  of  projection,  that 
a  s£udcnt  or  ojicrator  wants  to  know,  is  touched  upon,  if  not  considered 
in  a  comjiletc  and  exhaustive  way.  This  is  not  a  book  of  theories  only, 
but  it  is  intended  to  be  a  j)ractical  guide  for  those  who  wish  to  gain  exact 
knowledge  about  projections,  and  instrunientH  for  such  work,  in  such  way 
HH  to  be  «i)lc  to  use  their  knowledge  if  occasion  jircsents  itself.  We  have 
found   the   jH-rusnl   of  this  l>ook  very  valuable,     it  has  decided  some  im- 

}»ortnnt  (pJCHtiojis  about  mcnnsto  an  end  which  will  save  money, and  there- 
ore  wc  commend  its  perusal  to  those  interested  in  any  line  of  work  requir- 
ing lantern  illuHtrations.  American  purchasers  can  ])rocure  this  book  from 
the  publishers  in  New  York.' 
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Investigation  of  the  Orbit  of  a  Body  whose  mass  is  m,  that 
of  the  sun  being  the  unit,  and  which  is  supposed  to  be 
approaching  the  sun  with  a  great  velocity,  while  it  is 
repelled  by  the  sun  with  a  force  directly  as  the  masses, 
and  inversely  as  the  square  of  their  distance. 


GEORGE   W.    COAKLEY.* 
For  The  Messenger. 

The  prevalent  theory  for  the  formation  of  the  tails  of 
comets  is  that  the  material  constituting  the  tails  is  repelled 
by  the  sun.  But  it  ought  to  be  more  distinctly  recognized 
b^-  astronomers  than  seems  to  be  the  case,  that  any  mater- 
ial approaching  the  sun,  and  repelled  by  him,  according  to 
any  and  every  law  of  repulsion,  must  describe  an  orbit  cox- 
vex  to  the  sun.  The  sun  must  be  outside  the  orbit,  not 
within  it,  so  that  the  body  cannot  move  around  the  sun, 
but  can  only  back  up  to  him  within  a  certain  distance  and 
then  depart  again  into  space,  along  a  curve  convex  to  the 
sun,  never  again  to  return  to  his  vicinity  by  action  derived 
from  him.  This  may  be  readily  proved  by  supposing  repul- 
sion instead  oi attraction,  in  the  same  way  that  Newton,  in 
the  second  section  of  his  Principia,  Proposition  I,  has  proved 
that  with  any  law  of  attraction,  the  curve  described  about 
the  center  of  attraction  is  always  concave  to  that  center, 
in  a  single  plane,  and  that  equal  areas  are  described  in  equal 
times.  In  the  case  of  repulsion  also  according  to  every  law, 
the  orbit  about  a  center  of  such  force  will  lie  in  one  plane, 
will  be  CONVEX  to  the  center  of  force  and  the  radius-vector 
will  describe  equal  areas  in  equal  times.  The  demonstration 
is  about  the  same  in  the  two  cases. 

The  writer  of  this  paper  proposes,  in  a  future  number  of 
The  Messenger,  to  consider  the  case  of  comets'  tails,  and 

*  Professor  of  Mathematics  and  Astronomy,  University  of  the    City  of  Xew 
York. 
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how  far  there  is  any  relation  of  repulsion  between  them  and 
the  sun.  But  he  proposes  to  consider,  as  preliminary  to 
that  subject,  the  problem  of  the  motion  of  a  body  towards 
the  sun,  under  the  influence  of  his  repulsion,  according  to 
the  law  of  directly  as  the  masses,  and  inversely  as  the  square 
of  the  distance.  The  writer  has  never  met  with  any  solu- 
tion of  this  problem,  though  he  has  seen  several  .statements 
of  the  result,  namely:  that  the  orbit  is  an  hyperbola  convex 
to  the  sun.  He  presumes  therefore,  that  others  would  like 
to  see  the  solution.  The  course  of  this  investigation 
will  closely  imitate  the  steps  of  Professor  James  C.  Watson, 
for  the  case  of  the  sun's  attraction  of  a  body  according  to 
the  Newtonian  Law.  The  equations  of  the  body's  motion 
are  derived  from  section  16  of  Professor  Watson's  Theoreti- 
cal Astronomy,  equations  (19),  with  proper  modification 
for  the  case  of  repulsion  instead  of  attraction.  Professor 
Watson  employs,  for  greater  generality,  three  co-ordinate 
axes  in  space;  but  as  it  is  only  proposed  to  consider  the 
orbit  in  its  own  plane,  the  two  axes  of  a-  and  y  with  their 
origin  at  the  sun,  and  lying  in  the  plane  of  the  orbit,  will 
suffice.  At  an}^  moment  let  the  body's  distance  from  the  sun 
be  r,  and  its  rectangular  co-ordinates  (a-,  y),  and  let  0  =■  the 
angle  which  r  miikes  with  the  axis  of  a-.  Then  from  Pro- 
fessor Watson's  equations  (19),  the  motion  of  the  body  will 
be  determined  bv 


|^=  +  A^d-f  m).i-.cosS 
%    =  +  A''^(l  +  m).^,.sinS 


(1) 


when  cos:&  =  — ,  sin  3  =  — ,  and  x^  +  J*  =  r^-      (^) 

The  sign  +  in  the  second  members  of  equations  (1)  ex- 
presses the  condition  that  the  body,  m,  is  repelled,  since  the 
force  tends  to  increase  the  distance.  If  the  body  were  at- 
tracted, instead  of  being  repelled,  the  minus  sign  would  be 
reciuisite,  as  in  Professor  Watson's  equations,  since  the  force 
would  then  tend  io  diminish  the  distance.  Replacing  cosS, 
and  sini?  in  (1)  by  their  values  in  (2)  gives  : 
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I        (3) 

From  equations  (3)  is  derived  ^ — "^  .  ./ =^0,  which  may 

be  written  d.  (^^^^"")  =  0.     (4.) 

The  integration  of  (4)  gives  ^^^~^/^''   =  C  =  2f.      (5) 

•C,  or  2f,  being  the  constant  of  integration. 
Hence  :  xdy  —  ydx  —  2f.  dt.     ( 6) . 
But  from  equations  (2)  are  derived: 

.Y^rcos^,  y=rsin^. 

dx  =  cosSJr  —  r  sin^c/5.  ) 
dy  =  sinSc/r  +  r  cosSd^.  / 

.-.  xc/r  =  r  sin5  cosSc/r  +  r^  cos2  5  J5\ 
j'dA'  =  r  sin5  cos^c/r  —  r^  sin^SJS  / 

. • .   xdy  —  ydx  -  r'  (sin'5  +  cos'S)cf5  =  rW:&  ,         (7) 

Hence,  from  (6)  and  (7) :    r'd^  =  2f.  dt.      (8.) 

But  -^r^dB  is  the  area  described  by  the  radius-vector,  r,in 

the  time  dt.  Hence,  during  the  motion  of  the  body,/n,  in  its 
orbit,  its  radius- vector  describes  equal  areas  in  equal  times. 

Multiply  the  members  of  equations  (3)  by  2dx,  and  2dy, 
respectively,  and  add  the  results.    Hence  : 

But  from  the  last  of  equation  (2),  xdx  +  ydy  =  rdr.     (10) 

dx-  +  dv^  rdr 

Hence  (9)  becomes  d.{       J^2       )  =  2it2(l  +  m)  .^  ,    or 

d.  (—   J^"-^  )  =  2kHl  +  w).r-2dr.     (11) 

The  integral  of  this  is  : 
dx-  -\-  dv- 

dt'^        ^  ~  ^^''^^  "^  m)  .r-'  4-  h.     (12) 

A  being  the  constant  of  integration.  Equation  (12)  maj^ 
also  be  written,  in  accordance  with  Professor  Watson's 
form: 
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dxM^  +  2ini±nL)_A  =  o.    (13) 
dt^  r  ^      ^ 

From  (5),  by  squaring  the  members,  is  obtained  : 

x^dy^  -  2xydxdy  +  Y^dx^  ^  ^^      ^^^^ 

A    J  ^        /I  r.x  -Y^^^^  +  2xydxdy  +  v^dy^  _  r^dr^      ,.  _ , 
And  from  (10), ^t2      — '' —  ~dW'    ^   ^ 

Adding  the  members  of  (14)  and  (15)  gives  : 
{x2  +  y2){dx'^  +  dy^)  _  r^dr'^ 

rHdx^  +  dy^)       r'^dr2_ 

dt^  dt^    -*'    •     ^^^^ 

Multiplying  the  members  of  ( 13)  by  r-  gives  : 

rHdx^+dy^)  ^2kHl  +  m).r-  hr^  -  0.     (17) 
dt^ 

Subtracting  the  members  of  (16)  from  those  of  (17)  gives  : 
^^  +  2A2(l  +  n3).r-/2r2=-4f2.     (ig) 

Or  ^^  =  /2r2-2A'2(l  +  m).r-4/-2.    (19) 

Hence:  dt=   ,  —-,  — -  ,    (20) 

>^  hr^  —  2k^l  +  m)  —  4P 

Substituting  in  (8)  the  value  of  dt  from  (20),  and  dividing 
by  r*,  give: 

^^^      ,  ^^-^^  (21) 

Hence :  -^  =  ^y- ^  hr^  —  2k^l  + m)  .r— 4.n  ,     (22) 

For  each  value  of  3  there  will  in  general  be  two  opposite 
radii-vcctorcs,  which  will  meet  the  orbit  curve  in  opposite 
points,  because  of  the  double  sign  of  the  radical  in  (22). 
One  of  these  values  of  r  may  be  regarded  as  a  maximum,  the 
other  as  a  minimun,  for  that  value  ofo.  These  maxima  and 
minima,  for  each  value  of  0,  will  evidently  be  determined  by 
making  the  second  member  of  (22)  equal  zero.  Hence : 
hr*  —  2kHl-\-m).r-4f'=0.      (23) 
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Solving  (23)  as  an  equation  of  the  second  degree  in  r  gives : 

J.  _  k2(l  +  m)       Va*(1  +m)^-\-  £hn      ^24) 
h  h 

The  maximum  value  of  r  is  evidently  the  one  with  the  sign 
+  between  the  terms,  and  the  other  is  the  minimum.  Let 
3^  =  0,  so  that  these  values  lie  on  the  axis  of  x:  and  let 
a(l  +  e),  and  a(l  —  e)  represent  these  maxima  and  minima 
respectively.    Hence : 

^(1  +  e)=  ^'<\+  ""  +  ^*'<^  +  "!>'  +"gg.    (25)1 
h  h  \ 

a(l-e)-— ^  h 

^  h 

.       yj  _  m^^±m)^    ^29)  .   a2/j2e2  =  U.'{1  +  /2J)2  +  4A/*2    (30) 

But   from   (27),  a2/i2  =  A*(l  +  m)-';  hence   (30)  becomes 

A*(l  +  m)2.e2=  k\\  +  722)2  +  4/-2.h!il±J^). 

a 

Hence,  a(e2  —  1) .  k2(l  +  222)  =  4/"2.    (31). 

If  a  is  considered  as  positive,  or  measured  along  the  axis 
of  x,  to  the  right  from  the  sun,  then  (31)  proves  that  e  >  1, 
(32);  since  k-{l  +  m)  and  4/2  are  positive.  Let  p  =  a(e2  — 1) 
(33).  Hence  4/2  =  p/c2(i  +  m),  (34).  Equation  (21)  will 
become,  by  substituting  the  values  of  A,  and  4P,  or  2f 


^Q^  —  . kpv^l  -\-  mdr 


^tauj^xn)  ^2  _  2k2(l  +  /22)  .r-pk2(l  +  222] 

By  reduction  this  becomes  : 


(35) 


r 


V-il  —  2r  — p* 


(36) 


But  from  (33),— =  ^^ -;    hence: 

a  p 
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Multiplying  the  numerator  and  denominator  of  (37)   by 
V  P  gives: 
j5  _- pdr pdr 


r^e^r^  —i^  —  2pr — p2      nj  e^r^  —  (p  +  r)  2 

p      dr 


(38) 


er2Vl  -  (f  .  1  +  1)2       VI -(f- 7  +  7)'      ^^^^ 


But -^  =  —  d.— ;  hence  d^  = /^^s 

Equation  (40)  may  also  be  written  in  the  form  : 

dB  = ^^     --f  -       .     (41) 

Vl-(7-7  +  e-)' 
Integrating  (41)  gives: 

3  =  cos-'  .(^,.1  +  1)     (42) 

No  constant  of  integration  is  needed,  because  3  will  be 
counted  from  the  axis  of  x. 

From  (42)  is  derived  :     cos  5  =  f  •  ^  +  7 .     (43) 
.-.    ecosS  =  f  +  l, 

.     r  = —^ ^-a(e2-l) 

1  —  ecos3  1 — e  cos3 

As  e  >  1,  as  proved  in  (32),  it  follows  that  (44)  is  the 
polar  equation  of  an  hyperbola;  the  sun,  at  the  pole  is  at 
the  focus  outside  the  orbit-branch,  or  at  the  focus  within 
the  opposite  branch  of  the  hyperbola  from  that  on  which 
the  body,  w,  moves. 

This  orbit  is  necessarily  convex  to  the  sun,  as  must  be 
every  orbit  descril)cd  by  his  repulsion,  according  to  any  law 
of  repulsion.  If  in  (44)  ^  be  assumed  equal  to  zero,  r  will  be 
the  radius-vector  of  the  orl)it's  intersection  with  the  axis  of 

X. 

Hence:  r=  — ^ =  a-5 =  «(1  +  c)   .    This   is 

1— e  1 —e 

the  Perihelion  distance  of  the  orbit.    As  3  increases  from 
5  =  0  to  ±  5  =  CO8-'-  -,  or  co8.(±  B)  ='    ,  r  will  be  pos- 
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itive,  and  will  increase  from  r=a(l  +e)  to  r=  x,   when 
cos  ( ±  3)  =  — .    For  example,  suppose  e  =  2,  then  (44)  be- 


comes : 


—  a(4— 1)  _  _—  3a 
1  —  2  cos  3       1 


o         cv,--  =  -^  =  cos(±  60°). 
2  cos  5      e        2 


IfS  =  0,  r=3a,  .cosS=  1. 
If  cos(±S)  =    ^ 


r  = 


If  cos(±S)  = 
If  cos(±  S)  = 
If  cos(±S)  = 
If  cos(±S)  = 


10' 
—  3a 

8 
10 

7 
10' 

6 
10  ' 


—  3a 


r  =  5a 


15a         .,      ,     3 
— .  —  =  Sa  +  -.a. 
4  4 


7a  +  v,a 


1 ;";/ 


o 
10 


=  2  •  '*  ~  ^•'  <^^    the  radius- vector  is 

parallel  to  the  as- 
ymptote,  and 
meets  the  orbit- 
curve  only  at  in- 
finity. The  polar 
equation  of  the 
opposite  branch 
of  the  hyperbola, 
in  the  focus  of 
which  the  sun  is 
situated,  is  evi- 
dentl3' 

_   +  a(e2  — 1) 
"""    r+ecosS  ' 

(45).  IfS  =0,  in 
this  branch,  r  = 
a(e  —  1),  which  is 
the  distance  from 
the  sun  at  its  near- 
est point.  But  the- 
body,  m,can  never 
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get  on  to  this  branch  since  the  two  branches  are  discontin- 
uous. 

If  in  (44),  e  =  2,  and  a  =  1,  the  preceding  figure  will  rep- 
resent the  orbit  of  the  body,  zn,  in  successive  positions,  P,, 
Pj,  P3,  P^,  as  it  approaches  and  recedes  from  the  sun  at  S. 
SA  ^  3a  ^  3  is  the  perihelion  distance;  DBE  is  the  opposite 
hyperbola  upon  which  the  bodj',  m,  cannot  move.  The  sun 
S,  is  at  the  focus  within  this  concave  branch.  F  is  the  focus 
of  the  convex  branch,  or  of  the  actual  orbit. 


ADDRESS  AT  THE  DEDICATION   OF  THE  KENWOOD  OBSERVA- 
TORY. 

PROFESSOR  C.  A.  YOUNG. 

It  is  a  very  great  pleasure,  ladies  and  gentlemen,  to  be 
here  this  evening  at  this  dedication  of  this  most  complete 
and  most  admirably  equipped  of  all  private  observatories. 
It  reminds  me  very  much  of  another  Observatory-  which  I 
visited  some  years  ago  where  however,  things  were  very 
different  in  a  good  many  ways.  It  was  the  old  Observatory 
at  Peking,  at  one  corner  of  the  city  upon  its  wall,  which  is 
about  sixty  feet  high  and  so  wide  on  top  that  four  carriages 
can  drive  abreast  around  the  city.  In  a  little  enclosure  at 
the  base  of  the  wall  are  two  ancient  instruments,  more  than 
six  hundred  years  old,  one  of  them  an  equatorial  in  principle 
very  much  like  this  instrument  before  us,  but  of  course  car- 
rying no  telescope;  the  other  is  a  large  astrolabe.  These 
two  instruments  were  brought  from  Samarcand  by  the  Tarr 
tars  when  they  captured  the  city  under  Genghis  Khan.  In 
the  Observatory  proper,  upon  the  top  of  the  wall  there  are 
mounted  a  number  of  other  instruments,  more  modern  than 
these,  though  still  very  old.  Some  of  them  were  brought 
from  Paris  about  KiBO,  and  two  or  three  were  made  in 
China.  They  are  all  mounted  in  the  open  air,  and  are  all  in 
condition  to  be  used,  and  might  be  used  with  only  slight  re- 
pairs. I  presume  Mr.  Itrashcar  could  put  them  in  two  days 
into  Huch  condition  that  they  could  be  used  as  well  as  ever. 
They  were  erected  before  the  days  of  the  telescope,  and  de- 
signed  for  use  in   the  methods  of   the  "old    astronomy." 
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They  were  made  for  the  purpose  of  observing  simply  the  po- 
sitions and  motions  of  the  stars. 

In  those  days  astronomy  was  believed  to  be  an  exceedingly 
"  useful "  science  with  a  most  immediate  and  direct  bearing 
upon  human  affairs.  Mr.  Wells  Williams  was  with  us  at  the 
time  of  our  visit,  and  translated  for  us  the  mottoes  upon  the 
tablets  that  hung  upon  the  walls.  On  one  of  these  tablets 
the  legend  was  this:  "By  observing  the  constellations  we 
fix  the  times,"  and  "times"  means  opportunities.  Watch 
the  stars,  and  from  them,  according  to  the  belief  which  then 
prevailed,  you  can  tell  whether  it  is  a  good  time  to  do  this 
thing  or  that.  A  second  tablet  read:  "By  observing  the 
motions  of  the  stars  we  apprehend  what  is  suitable  to  the 
seasons" — the  same  idea  in  a  little  different  form.  And  the 
third  was:  "  By  reverentially  conforming  to  the  revolutions 
of  the  heavenly  bodies  we  avoid  disaster,"  'Disaster,'  you 
know,  is  a  purely  astronomical  word  in  its  derivation.  The 
point  is  that  then  astronomy  was  considered  a  directly 
'useful'  science.  As  the  world  has  progressed,  1  suppose 
that  we  must  give  up  that  idea,  to  a  very  considerable  ex- 
tent. The  old  astronomy  really  had,  and  still  has  certain 
important  practical  uses.  The  great  observatories  of  the 
world,  Greenwich,  Paris,  Berlin,  were  founded  especially  to 
watch  the  motions  of  the  moon  and  stars  so  as  to  provide 
means  for  determining  the  longitude  at  sea.  Herein,  how- 
ever, lies  about  all  the  pecuniary  value  of  astronomy  so  far 
as  we  know  at  present.  It  is  not  true  that  the  stars  exert 
any  notable  influence  upon  our  affairs,  or  that  their  observ- 
ation can  be  made  directly  profitable, 

A  new  astronomy  has  sprung  up,  and  now,  instead  of 
studying  simply  the  motions  of  the  heavenly  bodies  astron- 
omy has  come  to  pay  very  much  more  attention  to  the  na- 
ture and  character  of  them,  and  we  are  trying  to  utilize  the 
stars,  to  a  certain  extent  as  laboratories  and  instruments 
for  researches  which  we  cannot  manage  in  our  terrestrial 
domes.  In  the  stars  we  find  higher  temperatures  and  differ- 
ent conditions  from  any  that  are  attainable  on  the  earth, 
and  it  seems  highly  possible  that  we  may  thus  learn  some- 
thing from  the  stars: — their  light  may  bring  us  information 
that  may  be  useful  in  terrestrial  investigations. 

Still  I  should  be  dishonest  if  I  undertook  to  sav  that  I 
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really  thought  that  even  in  this  line  there  was  very  much 
money  to  be  gotten  from  astronomical  investigations.  The 
great  benefit,  the  great  use  of  astronomy  to  the  world,  as  I 
understand  it,  is  intellectual ; — culture  to  the  individual  and 
to  the  nation, — a  very  different  thing  from  money — and  a 
nobler.  It  is  true  that  we  must  have  our  bread  and  butter 
first  and  earliest — that  has  to  be  provided  for,  just  as  must 
the  foundation  for  the  building,  but  the  noblest  part  of  the 
building  is  not  the  foundation.  I  know  of  no  other  science 
in  which  we  so  learn  to  look  out  of  self  and  so  far  beyond 
self,  and  into  the  great  outside  universe — none  that  so 
promptly  puts  the  man  into  his  true  relations  of  space  and 
time  and  power.  It  is  not  so  much  knowledge — knowledge 
is  power,  good,  excellent — but  it  is  the  learning  and  the 
KNOWING  after  all  that  develop  the  man,  and  perfect  the  im- 
age of  the  Creator  within  him. 

I  am  not  going  to  take  any  great  amount  of  time  thi» 
evening,  ladies  and  gentlemen,  for  I  have  nothing  that 
really  deserves  to  be  called  an  address  to  present  to  you. 
Mr.  Hale,  has  kept  me  so  busy  that  I  have  not  had  time  to 
write  out  anything;  he  has  kept  me  interested  and  at  . 
work  in  one  way  or  another  ever  since  I  came  here.  I  never 
enjoyed  two  days  in  my  life  more  than  I  have  these  last 
two,  for  I  have  seen  science  developing  in  the  particular 
directions  that  have  a  special  interest  for  me.  Some  years 
ago,  if  I  may  be  allowed  to  make  another  personal  allusion, 
I  was  out  on  the  Mountains  at  Sherman  Station,  on  the 
Union  Pacific  Railroad,  observing  the  spectrum  of  the  sun 
for  the  purpose  of  trying  to  find  out  what  astronomical 
advantages  were  attained  by  getting  up  eight  thousand  feet 
above  the  sea  level,  and  thus  leaving  a  large  portion  of  the 
air  below.  A  government  expedition  had  l)ecn  organized  of 
which  I  was  a  member,  and  I  took  out  a  nine-inch  telescope 
— not  so  large  a  one  as  this  is  by  considerable — and  worked 
away  upon  the  spectrum  of  the  sun  with  my  human  eyes  as 
well  as  I  could.  One  of  the  most  notable  results  was  the 
discovery  that  in  the  solar  si)ectruni  the  two  great  broad 
black  bands  known  as  II  and  K  hful  each  a  bright  line  run- 
ning through  its  center,  whenever  the  telescope  was  directed 
at  the  edge  of  the  sun  or  at  the  neighborhood  of  a  sun-spot. 
This  iK'ing  so,  it  ought  to  be  possible  to  study  the  i)romi- 
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nences  through  these  lines  just  as  we  do  through  the  red  C 
line  of  the  solar  spectrum.  I  did  not  think  at  that  time  that 
it  would  probably  be  practicable,  though  it  might  be  possi- 
ble, if  our  eyes  were  'blue'  enough,  /.  e.,  if  they  were  sensi- 
tive enough  to  that  kind  of  light.  Now  here  at  the  Ken- 
wood Observatory,  instead  of  using  eyes,  which  do  not  see 
that  kind  of  light  very  well — at  least  my  own  eyes  do  not — 
Mr.  Hale  uses  photography,  and  with  this  admirable  appar- 
atus (the  finest  certainly  for  this  purpose  in  existence),  he 
has  found  that  it  is  easily  possible  to  photograph  the  bright 
lines  in  those  two  dark  bands  of  the  spectrum.  This  means 
that  things  which  were  very  difficult  to  see,  even  with  the 
help  of  mountain  air,  and  the  utmost  protection  to  the  eye, 
can  be  photographed  here  in  Chicago  perfectly  and  easily. 
I  saw  it  done  Saturday  and  again  to-day,  and  lam  confi- 
dent that  Mr.  Hale  is  going  to  succeed  in  procuring  pictures 
from  day  to  day  of  the  cloud-forms  about  the  sun. 

I  suppose  you  know  what  I  am  talking  about.  The  sun 
itself  is  a  great  ball  of  heated  vapor,  covered  with  an  out- 
side shell  of  cloud,  which  is  the  photosphere,— the  sun  we 
see.  But  over-lying  the  photosphere  there  is  a  stratum  of 
gases  heated  like  a  sheet  of  fiame  that  we  call  the  '  chromo- 
sphere';  and  reaching  up  to  elevations  sometimes  four  hun- 
dred thousand  miles  in  height — that  is  very  rare,  but  ordin- 
arily, thirty,  forty  or  fifty  thousand  miles — there  are  great 
clouds  or  flames  called  the  solar  prominences  composed  of 
heated  hydrogen,  and  other  gases  mingled  with  it.  They 
are  wonderfully  beautiful  objects,  but  can  be  seen  (except  at 
eclipses)  only  by  the  help  of  the  spectroscope;  and  they 
change  so  rapidly  that  it  is  extremely  difficult  to  delineate 
them  correctly  by  eye  and  hand.  So  you  can  imagine  that 
astronomers  greet  with  enthusiasm  the  prospect  of  securing 
their  photographs. 

There  is  also  a  great  deal  of  special  interest  of  a  different 
sort  connected  with  the  H  and  K  bands  of  the  spectrum. 

I  am  not  going  to  undertake  to  explain  them.  I  do  not 
think  people  yet  know  all  their  secret.  But  the  fact  is  that 
these  two  bands, — at  least  two  black  bands  in  just  that 
position  in  the  spectrum, — are  found  in  the  light  produced 
by  an  electric  spark  as  passed  between  the  poles  of  calcium  : 
two    carbons  are    dampened  with    a    solution    containing 


316  The  Sidereal  Messenger. 

calcium,  and  immediately  when  the  electric  arc  passes 
between  them,  two  bright  lines  appear  that  correspond  pre- 
cisely to  the  position  of  the  middle  of  these  bands  in  the 
solar  spectrum.  Hence  it  has  been  supposed  Yer\'  naturally, 
— and  verj^  likely  the  supposition  is  true,  that  calcium  is  the 
material  that  causes  these  bands  in  the  solar  spectrum. 
Still  there  are  difficulties.  It  is  strange,  if  that  is  so,  that 
other  lines  of  calcium  do  not  show  themselves  in  these  solar 
prominences.  So  that  if  the  H  and  K  lines  are  really  due  to 
calcium,  we  have  a  puz^rling  problem.  The  calcium  which 
produces  H  and  K,  is  calcium  in  some  different  condition,  or, 
at  least,  in  some  different  state  of  excitement  from  the  cal- 
cium which  produces  the  hundreds  of  other  calcium  lines  in 
the  spectrum.  I  do  not  know  that  I  even  dare  say  that.  It 
is  behaving  differently,  at  any  rate,  from  the  calcium  that 
we  work  with  on  the  earth's  surface. 

Then  again  we  meet  a  very  singular  thing  when  we  come 
to  photograph  the  spectra  of  the  great  white  stars.  We 
find  in  the  lower  part  of  the  spectrum  a  series  of  dark  bands 
that  correspond  to  the  well  known  lines  of  hydrogen ;  and 
when  we  come  to  the  H  band  we  find  there  a  wide  dark 
black  band,  but  K  is  absent;  then  in  the  ultra-violet  there  is 
another  series  of  hydrogen  lines ;  and  all  of  these,  including 
H,  are  spaced  as  regularly  as  the  teeth  of  a  cog-wheel.  Evi- 
dently, according  to  that,  H  would  seem  to  be  a  line  of  hy- 
drogen, and  I  do  not  yet  feel  sure  whether  this  H  line  that 
we  see  in  the  spectrum  of  a  solar  prominence  is  hydrogen  or 
calcium.  It  may  be  both.  I  think  Mr.  Hale  will  be  likely  to 
find  out  by  and  by,  and  when  he  has  found  that  out,  he  is 
likely  to  have  opened  a  road  to  some  new  results  with  refer- 
ence to  the  molecules  of  hydrogen  and  calcium  and  other 
substances;  for  this  atmosphere  of  our  sun  is  a  very  strange 
thing  in  many  ways.  If  the  earth  is  a  chip  of  the  old  block, 
and  I  suppose  it  is,  the  sun  ouglit  to  liave  oxygen  in  it, 
which  composes  over  half  of  the  mass  of  the  earth:  there  is 
not  a  trace  of  oxygen  in  the  sun  that  we  can  be  sure  of. 
You  ought  to  have  nitrogen  there,  the  main  constituent  of 
our  atmosphere:  we  do  not  find  it.  We  ought  to  have  chlo- 
rine there  but  it  does  not  appear.  We  do  find  nearly  all  of 
the  metfl///c  elements  there,  but  these  non-metallic  elements 
for  some  reason  do  not  reveal  themselves,  if  they  are  really 
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there.  It  is  quite  likely  that  further  researches  of  the  kind 
to  be  prosecuted  here  will  give  us  light  in  that  department 
of  physics ;  and  I  am  sure  that  if  we  do  learn  in  this  way 
something  about  the  relations  of  the  ultimate  molecules  of 
matter,  it  will  be  exceedingly  valuable  scientific  informa- 
tion. It  may  even  turn  out  to  have  a  'bread-and-butter 
value'  as  bearing  upon  chemical  theories,  and,  sooner  or  la- 
ter it  may  affect  human  interests  in  many  ways :  still  I  can- 
not promise  you  that  it  will. 

This  is  not  by  any  means  the  first  of  the  observatories  of 
the  new  astronomy  in  the  world,  or  even  in  this  country. 
There  have  been  predecessors  in  America  and  Europe,  and 
there  are  now  two  observatories  in  Europe  that  are,  in 
many  respects,  more  fully  equipped  than  this,— not  more 
perfectly,  however,  for  the  one  object  that  is  just  now  aimed 
at.  In  Germany  they  have  the  great  Astrophysical  Observa- 
tory at  Potsdam.  Possibly  some  of  you  may  have  seen  it: 
it  will  well  repay  a  visit.  During  the  last  two  or  three  win- 
ters they  have  been  most  successfully  at  work  upon  the  spec- 
tra of  the  stars.  They  have  done  work  upon  the  solar  spec- 
trum also,  but  only  along  old  lines — no  special  advances 
have  been  made  with  respect  to  solar  chemistry  at  Potsdam. 
Then  there  is  the  great  French  observatory  at  Meudon, 
which,  when  complete,  will  be  perhaps  on  a  still  grander 
scale.  They  are  proposing  to  have  a  great  twin  telescope, 
each  of  the  "twins"  having  an  object  glass  two  feet  in  di- 
ameter, with  a  tube  about  thirty  feet  long,  the  two 
mounted  side  by  side.  With  them  they  expect  to  go  on  both 
with  photographic  and  spectroscopic  investigations. 

In  England  there  is  no  National  PhA'sical  Observatory. 
A  certain  amount  of  physical  work  is  done  at  Greenwich, 
but  that  is  a  mere  by-play  to  the  main  business  of  the  Obser- 
vatory, which  is  watching  the  motions  of  the  planets  and  of 
the  moon,  and  making  star-catalogues.  The  private  obser. 
vatory  of  Dr.  Huggins,  however,  must  not  be  passed  unmen- 
tioned  :  it  was  the  birthplace  of  spectroscopic  astronomy 
and  is  still  in  most  active  and  effective  operation.  Mr. 
Lockyer  also  has  a  semi-private  establishment  for  spectro- 
scopic work;  and  Common  and  Roberts  and  one  or  two 
others  have  fine  photographic  telescopes. 

I  think,  that  the  earliest  of  the  physical  observatories  in 
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this  country  was  that  of  Mr.  Rutherfurd  of  New  York,  and, 
in  a  good  manj-  ways,  this  Kenwood  Observatory  is  its  di- 
rect descendant.  It  was  there  that  the  first  successful 
photographs  of  the  moon  were  made.  Some  daguerrotypes 
had  been  obtained  before  at  Cambridge  with  the  old  tele- 
scope, but  that  instrument  was  not  designed  for  photo- 
graphing, and  did  not  give  very  perfect  results.  But  in  the 
sixties — Mr.  Rutherfurd  succeeded  in  getting  photographs  of 
the  moon  that,  until  within  the  last  three  years,  had  no 
superiors, — no  rivals  even,  among  those  that  have  been 
made  elsewhere.  They  remained  in  full  possession  of  the 
field  for  at  least  fifteen  years.  But  lately,  both  at  Paris  and 
at  the  Lick  observatory,  and  perhaps  at  Cambridge,  the 
new  instruments  and  methods  have  gone  beyond  his  best. 
You  have  seen  down  stairs  a  photograph  made  at  the  Lick 
Observator3^ 

Rutherfurd  also  took  up  the  subject  of  Spectra,  and  ruled 
the  first  good  "grating."  I  have  to  put  in  the  qualifier 
"good,"  because  gratings  had  before  been  used  in  Europe. 
Fraunhofer  used  a  grating  in  some  of  his  observations  as 
earl}'  as  1820 ; — an  actual  grating  of  wires  spaced  one  hun- 
dredth of  an  inch  apart.  And  later  Nobert — many  of  you 
have  heard  of  him  — succeeded  in  ruling  lines  very  close  to- 
gether,— nobody  has  ever  done  better  in  that  respect,  and 
he  made  a  few  small  plates  where  a  space  of  about  half  an 
inch  square  was  ruled  with  fine  parallel  lines,  which  ably 
used  in  the  hands  of  Angstrom  and  others  have  yielded 
classical  results. 

Mr.  Rutherfurd  at  first  ruled  a  few  gratings  upon  glass 
and  afterwards  substituted  speculum  metal.  I  remem- 
ber well  the  first  one  that  I  ever  saw  about  1867,  and  a 
great  astonishment  it  was  to  me.  It  was  about  half  an 
inch  wide,  and  the  lines  were  about  an  inch  long;  and  it 
was  an  absolute  amazement  to  me  to  find  that  it  would 
give  a  spectrum  vastly  better  than  any  prism  or  even  than  a 
train  of  five  or  six  prisms.  Indeed  on  going  to  Europe  in 
1870,  in  connection  with  an  eclipse  expedition,  1  found  that 
many  English  astronomers  and  physicists  whom  I  met  then 
supposed  that  3'ou  could  merely  see  the  colors  of  the  spec- 
trum, in  a  diffraction  grating,  and  had  no  idea  that  3'ou 
could  »ce  the  finer  IVaunhofcr  lines.    Later,  Mr.  Rutherfurd 
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succeeded  in  ruling  magnificent  gratings  in  which  the  lines 
were  about  an  inch  and  a  half  long,  and  the  ruled  space  was 
one  and  one-half  inches  square.  About  eight  or  ten  years 
ago  Professor  Rowland,  of  Baltimore,  constructed  a  ma- 
chine with  which  he  rules  lines  four  inches  long,  and  covers 
spaces  six  inches  wide  with  fine,  even,  parallel  lines  about 
one-fourteen  thousandth  of  an  inch  apart.  Such  a  grating 
makes  a  magnificent  spectrum,  and  downstairs  there  is  a 
beautiful  specimen  of  a  grating  of  this  kind  that  is  ruled 
upon  a  slightly  hollow  surface.  And  here,  (pointing  to  the 
spectroscope)  is  a  five-inch  grating,  as  it  is  called,  in  the 
round  box  at  the  lower  end  of  the  spectroscope,  which  gives 
the  most  beautiful  spectra  I  ever  saw. 

This  explains  what  I  mean  by  saying  that  this  Observa- 
tory is  a  lineal  descendent  of  Mr.  Rutherfurd's.  It  is  the 
diffraction  grating  that  furnishes  the  analyzing  power  that 
breaks  up  the  sunlight  and  makes  possible  the  investiga- 
tions that  Mr.  Hale  is  taking  up.  The  telescope,  too,  is 
almost  the  same  size  as  Mr.  Rutherfurd's  though  longer; 
and  it  is  much  handsomer,  for  thanks  to  the  abilities  and 
workmanship  of  its  makers,  Mr.  Brashear  and  Warner  & 
Swasey,  things  are  finished  in  a  little  more  elegant  style 
than  in  a  machine  which  like  Mr.  Rutherfurd's,*  was  con- 
structed, piecemeal,  for  the  purpose  in  hand  at  the  moment, 
a  little  one  day  and  a  little  more  the  next. 

Then  came  the  Observatory  of  Dr.  Henry  Draper,  who 
went  into  stellar  spectroscopy.  He  was  a  professor  in  the 
University  of  New  York,  and  was  fortunate  enough  to 
marry  a  very  lovely  and,  at  the  same  time,  very  rich  lady, 
who  was  extremely  interested  in  the  line  of  work  that  he 
took  up, so  that  he  was  enabled  to  goon  with  his  researches 
in  an  admirably  fitted  Observatory  that  he  erected  at 
Hastings-on-Hudson.  His  death  in  1881  or  '82,  was,  I 
think,  one  of  the  greatest  losses  that  American  science  ever 
experienced.  At  the  time  he  had  just  entered  upon  a  course 
of  conquest ;  he  had  begun  to  photograph  the  spectra  of  the 
stars  with  a  success  which  had  never  been  attained  before. 


*  Mr.  Rutherfurd's  Observatory  was  discontinued  some  years  ago,  on 
account  of  the  owner's  failing  health.  The  telescope  and  most  of  the  ap- 
paratus, was  given  to  the  Observatory  of  Columbia  College,  where  it  is 
now  mounted. 
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Since  his  death  his  work  has  been  taken  up  at  Cambridge. 
Mrs.  Draper  has  turned  over  the  instruments  to  the  Observ- 
atory there,  and  has  provided  a  liberal  income — six  or  eight 
thousand  dollars  a  year,  and  more  w^hen  necessary — to  aid 
in  carrj'ing  on  investigations  in  this  line  of  stellar  spectros- 
copy. 

And  now  starts  up  this  new  Observatory  in  the  line  of 
solar  w^ork,  and  I  am  very  confident  that,  if  Providence  is 
kind  and  permits  Mr.  Hale  to  go  on,  as  there  is  every  reason 
to  hope  will  be  the  case,  we  shall  soon  have  splendid  results 
from  it. 

I  will  add  that  just  before  I  left  home  I  received  notice 
that  at  Washington  they  are  erecting  an  Observatory 
(which  will  be  under  government  auspices)  for  astronomical 
physics,  under  the  charge  of  Professor  Langley.  Its  work 
will  be  mainly  with  a  different  instrument,  the  bolometer, 
for  the  purpose  of  measuring  the  distribution  of  heat  over 
the  surface  of  the  sun,  and  moon,  and  possibW  the  heat 
from  the  stars.  I  do  not  think  Professor  Langley  yet  be- 
lieves that  stellar  heat  can  be  measured  in  this  way,  but  I 
half  think  that  he  will  succeed  better  than  he  expects. 

And  now  let  me  close  with  a  few  words  as  to  the  relative 
advantages  of  public  and  private  observatories. 

I  am  myself  connected  with  an  observatory  which  is  a  de- 
partment of  a  college  and  certainly  I  have  always  been 
treated  with  the  greatest  liberality  and  freedom,  but  public 
institutions,  are  under  boards  of  trustees  who  are  adminis- 
tering trust-funds,  and  have  their  hands,  to  a  certain  extent, 
tied,  and  do  not  feel  quite  at  liberty  to  try  doubtful  experi- 
ments. But  here  if  Mr.  Hale  thinks  it  is  well  to  try  an  ex- 
periment, with  one  chance  in  ten  that  it  will  prove  a  success, 
he  is  very  likely  to  try  it,  and  he  has  nobody  to  answer  to  if 
it  fails,  and  that  is  a  great  advantage  that  a  private  institu- 
tion, like  this,  has  over  a  public  one — the  observers  may  use 
their  instruments  and  funds  in  an}'  line  they  please.  They 
have  the  liberty  of  scientific  exploration,  and  it  is  a  great 
liberty.  In  i)ubHc  observatories  we  are  and  ought  to  be 
very  much  limited,  and  only  carry  on  investigations  which 
arc  reasonably  sure  to  prove  beneficial  and  fruitful.  But  I 
Bay  this  here  because  there  are  a  good  many  i)rivate  gentle- 
men present,  who  I  presume,  are  interested  more  or  less  in 
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science,  and  I  am  sure  that  private  investigators  in  the  sci- 
entific line  have  at  least  one  very  great  advantage  over  pub- 
lic institutions.  The  fact  is,  that  a  large  number  of  the  most 
important  astronomical  and  scientific  discoveries  have  been 
made  by  those  who  are  called  amateurs,  but  "amateur," 
rightly  interpreted,  means,  what  it  ought  to  mean  and  not 
what  it  is  commonly  understood  to  mean — it  means  a  man 
who  is  a  "lover"  of  the  science,  as  he  would  be  of  a  woman: 
devoted  to  it,  as  he  would  be  to  his  wife :  willing  to  spend 
and  be  spent  for  it.  It  does  not  mean  a  "dilettante,"  who 
delights  a  little  with  it — fools  with  it,  as  we  say,  in  the  lan- 
guage of  college  boys.  The  true  "amateur"  is  one  who  is 
ready  and  willing  to  devote  himself  to  the  science  he  has 
chosen.  And  so  from  the  character  of  my  young  friend  here, 
and  from  your  warm  interest  in  him  and  his  work  I  have 
my  liveliest  anticipations  aroused  and  expect  rich  results. 
This  has  been  one  of  the  happiest  occasions  of  my  life — the 
three  days  that  I  have  spent  here.     (Applause.) 


THE  KENWOOD   PHYSICAL  OBSERVATORY. 


GEORGE  E.  HALE.   DIRECTOR. 
For  the  Messenger. 

The  Kenwood  Physical  Observatory  had  its  inception  in  a 
spectroscopic  laboratory  erected  in  Chicago  in  the  summer 
of  1888.  The  addition  of  a  tower  and  wing  during  the 
winter  of  1890-91  brought  the  building  to  its  present  form, 
and  it  now  includes  a  reception  room,  library,  equatorial 
room,  "slit  room,"  "grating  room,"  photographic  dark 
room,  general  laboratory,  and  workshop,  [Plate  1].  The 
grating  room  contains  a  four-inch  concave  grating  of  ten 
feet  radius  of  curvature,  mounted  in  the  manner  em- 
ployed by  Professor  Rowland.  A  shorter  girder  allows 
the  use  of  a  grating  of  only  five  feet  radius,  in  cases  when 
the  light  source  is  too  faint  to  admit  of  the  highest  disper- 
sion. Sunlight  is  furnished  by  a  heliostat  on  a  pier  some 
distance  to  the  north  of  the  building,  while  a  Weston  dyna- 
mo, driven  by  a  gas  engine  of  six  horse-power,  supplies  the 
direct  current  used  in  spectroscopic  studies  of  the  electric  arc. 
An  alternating  current  of  52  volts  is  also  supplied  by  the 
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Hyde  Park  Thompson-Houston  Company,  and  this  is  espe- 
cially useful  in  producing  heavy  electric  sparks  with  a  large 
induction  coil,  and  in  lighting  the  whole  Observatory  with 
incandescent  lamps.  A  set  of  thirty-five  Julien  storage  cells 
can  be  charged  bj^  the  Weston  machine,  and  used  when  de- 
sired. 

The  mounting  of  the  equatorial  was  finished  in  March, 
1891,  by  Messrs.  Warner  and  Swasey,  and  the  excellent 
12.2-inch  object-glass,  figured  from  Dr.  Hastings'  calcula- 
tions by  Mr.  J.  A.  Brashear,  was  in  place  and  ready  for  use 
early  in  April,  1891  [Plate  H].  The  spectroscope  is  ot  very 
large  size,  and  was  also  made  by  Mr,  Brashear  [Plate  III]. 
A  frame  of  strongly  braced  steel  tubing  carries  the  col- 
limator and  observing  telescope,  which  make  with  each 
other  a  constant  angle  of  25°.  The  objectives  are  exactly 
alike,  of  3V4  inches  clear  aperture  and  42i4  inches  focus,  cor- 
rected for  work  in  the  visual  region.  The  grating  is  a  4-inch 
flat,  and  in  many  respects  is  the  finest  ruling  I  have  ever 
seen.  In  addition  to  the  grating  there  is  a  30°  white  flint 
prism,  silvered  on  the  back,  which  is  used  in  photographing 
the  spectra  of  the  fainter  stars.  The  large  size  of  the  spec- 
troscope, and  the  necessity  of  a  perfectly  rigid  attachment  to 
the  equatorial,  have  caused  us  to  mount  the  spectroscope 
and  tube  as  if  in  one  piece,  the  declination  axis  coming  at 
the  center  of  their  combined  lengths.  As  the  object-glass  of 
the  equatorial  has  a  focal  length  of  18  feet,  the  total  length 
of  the  combination  is  22  feet  9  inches.  The  mounting  is 
built  very  large  and  heavy,  and  carries  also  a  four-inch 
Clark  telescoi)e  and  a  small  finder.  The  rate  of  the  driving 
clock  can  be  controlled  by  electric  coimection  with  an  excel- 
lent Howard  clock. 

As  my  recent  photographic  investigations  of  solar  i)romi- 
nences  and  their  spectra  have  shown  the  necessity  of  employ- 
ing specially  corrected  objectives  in  a  continuance  of  the 
research,  it  has  been  decided  to  supply  the  telescope  with 
a  photographic  object-glass  of  exactly  the  same  aperture 
and  focal  length  as  the  present  visual  glass.  A  double  tube 
will  replace  the  single  tube  now  used,  and  the  object-glass 
will  1>€  so  supported  that  either  one  may  be  used  on  cither 
tube.  The  8|)ccLroscopc  will  thus  form  a  part  of  the  instru- 
ment, ns  before,  and  the  eye-end  of  the  second  tube  will  be 
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left  free  for  the  attachment  of  any  desired  apparatus,  such 
as  an  amplifying  lens  and  camera  for  photographing  sun- 
spots  on  the  Janssen  method.  Various  improvements  of  the 
spectroscope  will  be  made  by  Mr.  Brashear,  one  of  the  most 
important  being  the  construction  of  a  new  device  of  the 
writer's  for  prominence  photography.  A  new  observing  tel- 
escope, with  an  objective  of  about  six  feet  focus  corrected  for 
the  K  region  is  to  be  constructed  for  the  spectroscope,  and 
used  for  further  study  of  the  prominence  and  chromosphere 
lines  recently  discovered.  Mr.  Brashear  also  has  the  order 
for  the  twelve-inch  photographic  object-glass,  for  which  the 
whitest  possible  flint  will  be  secured  from  the  Jena  factories, 
while  the  crown  will  be  furnished  by  Mantois.  The  writer 
will  spend  some  time  visiting  the  European  observatories  in 
search  of  new  ideas  in  apparatus  and  methods  of  work, 
which  will  be  embodied  in  the  improved  instruments. 

The  Kenwood  Physical  Observatory  was  dedicated  to  sci- 
entific research  on  June  15,  1891.  Addresses  were  made  by 
Professor  C.  A.  Young,  Professor  G.  W.  Hough  of  the  Dear- 
obrn  Observatory,  Mr.  J.  A.  Brashear,  President  E.  D. 
Eaton,  of  Beloit  College,  and  several  others.  Professor 
Young's  address  will  be  found  in  full  on  another  page.  The 
Observator3'  has  been  incorporated  under  the  laws  of  the 
state  of  Illinois,  and  its  control  is  vested  in  a  board  of 
trustees.  The  plan  of  work  laid  out  for  the  future  includes 
a  thorough  study  of  solar  phenomena,  and  particular  atten- 
tion will  be  given  to  spectroscopic  investigations  of  the 
spots,  chromosphere,  and  prominences. 

Brooklyn,  N.  Y.,  June  29,  1891. 


THE  MOTION   OF  THE  DOUBLE  STAR,  fi  612. 


S.  \Y.   BURNHAM. 
For  The   Messenger. 


I  discovered  this  pair  in  1878  with  the  refractor  of  the 
Dearborn  Observatory,  and  measured  it  on  three  nights 
with  that  instrument.  It  was  also  measured  b\'  Hall  dur- 
ing the  same  year,  and  several  years  later  by  Engelmann. 
I  have  lately  made  another  set  of  measures  with  the  36.inch, 
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and  a  comparison  of  all  the  observations  appears  to  show  a 
ver^'  rapid  movement  in  the  angle.  These  measures  are  as 
follows : 
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This  is  a  sixth  magnitude  star  (B.  A.  C.  4559),  and  the 
components  are  so  nearly  equal  that  all  of  the  measures,  so 
far  as  the  observations  are  concerned,  might  be  in  the  same 
quadrant.  That  disposition  of  them,  however,  would  seem 
to  be  improbable  since  it  would  require  a  large  error  in  some 
of  the  measures.  The  two  sets  of  measures  in  1878,  giving 
58°. 3  for  the  position-angle,  by  their  agreement  determine 
the  place  at  the  time  with  substantial  accuracy ;  and  meas- 
ures on  three  nights  this  year,  with  the  large  refractor, 
must  give  the  place  with  very  little  error.  With  all  the 
angles  in  the  same  quadrant,  the  motion  would  be  practi- 
cally uniform,  as  there  is  but  little  change  in  the  distance. 
If  the  first  and  last  measured  angles  are  assumed  to  be  cor- 
rect, then  there  would  necessarily  be  an  error  of  about  15° 
in  Engelmann's  angle,  which  is  not  probable  in  the  work  of 
this  excellent  observer.  The  first  three  measures  all  agree  m 
placing  the  smaller  component  in  the  first  quadrant,  while, 
in  the  later  measures  it  was  obviously  in  the  third  quadrant. 
If  this  arrangement  of  the  angles  is  correct,  the  apparent 
ellipse  is  a  very  extraordinary'  one,  since  the  primary  star 
must  lie  very  near  its  circumference  in  order  to  satisfy  the 
law  of  equal  areas  in  equal  times,  and,  notwithstanding  the 
rapid  angular  motion  in  the  last  seven  years,  the  period 
must  be  rather  long,  probably  more  than  one  hundred 
years.  In  this  case  the  change  from  this  time  will  be  com- 
paratively slow.  The  measures  of  one  more  year  will  pro- 
bably show  conclusively  whether  any  mistake  has  been 
made  in  the  relative  magnitudes  of  the  components. 
The  place  of  this  star  (1880)  is: 

R.  A.    13"  33'"  40' 

Decl.    11°  21' 

Lick  Observatory,  June  15,  1891. 
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THE  CAMERA  FOR  CELESTIAL  PHOTOGRAPHY. 


BY  S.  W.   BURNHAM,  LiCK  Observatory. 


Every  possessor  of  a  good  rectilinear  lens  and  the  ordin- 
ary landscape  camera  ma\'  not  be  aware  of  the  fact  that  he 
has  the  best  kind  of  an  instrument  for  making  pictures  of 
the  sky.  The  requirements  in  a  lens  for  landscape  photog- 
raphy are  exactly  the  same  as  those  which  have  to  be  con- 
sidered in  the  department  of  celestial  photography.  About 
the  same  angle  of  aperture  is  desirable,  and  in  a  general 
way,  the  same  class  of  lens  as  in  landscape  and  out-door 
photography.  To  get  a  satisfactory  picture  of  a  portion  of 
the  heavens  at  night,  as  we  see  it  with  the  naked  eye,  the 
picture  should  include  an  angle  of  not  less  than  30°  or  40°. 
There  is  this  difference  between  terrestrial  and  celestial  pic- 
tures :  in  the  former  we  rarely  get  as  much  as  we  can  readily 
see  with  the  naked  eye  from  the  point  where  the  picture  is 
taken,  while  in  the  latter  we  can  easily  get  infinitely  more 
by  prolonging  the  exposure.  If  the  exposure  is  much  ca- 
tended  in  daylight  work,  the  plate  is  hopelessh'  fogged,  and 
instead  of  increasing  the  details  in  the  darker  portions  of  the 
picture,  nearl3'  all  delicate  details  are  lost,  and  the  negative 
becomes  flat  and  valueless;  but  with  the  plate  exposed  to 
the  dark  sky  of  a  clear  night,  where  the  light  emanates  only 
from  minute  points,  the  exposure  may  be  continued  for 
hours,  and  when  the  plate  is  developed  it  will  be  almost  clear 
glass  except  where  those  specks  of  light  have  made  their  im- 
pression. Negatives  of  this  character  possess  this  unique 
peculiarit}',  that  no  matter  how  long  the  exposure  may  be 
continued,  the}'  are  alwa3's  under-exposed  with  reference  to 
the  great  majority'  of  the  stars  shown  ;  and  at  the  same 
time,  unless  the  exposure  is  very  short,  they  are  over-exposed 
with  regard  to  the  brighter  stars  visible  to  the  eye.  The 
longer  the  exposure,  the  more  stellar  points  we  get  on  the 
plate,  and  this  could  probably  be  continued  far  beyond  the 
time  one  would  be  likely  to  give  to  the  following  of  the  stars 
as  they  move  across  the  face  of  the  sky. 

Almost  every  amateur  photographer  has  a  lensand  camera 
well  adapted  to  do  this  work,  but  unfortunateh'  not  many 
have  the  means  of  mounting  such  an  instrument  so  as  to  hold 
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the  stars  fixed  on  the  plate  during  the  necessary  time  of  the 
exposure.  For  this  purpose  an  equatorial  mounting,  driven 
by  clock-work,  is  indispensable.  In  other  words,  the  pho- 
tographer must  have  the  use  of  an  equatorially  mounted 
telescope  of  some  kind,  with  a  driving-clock  so  adjusted  as  to 
compensate  for  the  revolution  of  the  earth  on  its  axis,  and 
keep  the  camera  and  the  stars  relatively  fixed,  the  telescope 
itself  being  used  as  a  sort  of  a  finder,  to  keep  the  star,  select- 
ed for  following  exactly^  in  the  same  place  in  the  instrument 
by  changing  the  position  of  the  telescope  and  the  camera 
attached  to  it  with  the  slow  motions  with  which  all  such 
instruments  are  provided.  No  driving-clock,  however  per- 
fectly made  and  adjusted,  can  be  trusted  to  hold  the  star 
exactly  on  the  fine  wire  or  spider-web  in  the  focus  of  the  tel- 
escope for  any  considerable  length  of  time.  This  must  be 
done  by  watching  the  finder,  and  whenever  the  star  shows  a 
tendency  to  get  ahead  or  fall  behind  the  bisecting  wire, 
bringing  it  back  to  position  by  the  slow  motions  which 
move  the  instrument  independently  of  the  clock.  Everything 
depends  on  careful  following  and  keeping  the  images  of  the 
stars  all  the  time  on  exactly  the  same  places  on  the  plate. 
If  this  is  not  attended  to,  the  stars  will  be  elongated  in  the 
direction  of  their  motion  across  the  plate,  and  the  negative 
will  be  unsatisfactory  for  any  purpose.  In  addition  to  this, 
the  fainter  stars  will  be  lost  by  the  images  spreading  over 
the  greater  area  on  the  plate.  If  the  following  is  perfect,  and 
the  camera  is  accurately  focussed,  the  smaller  stars  will  be 
exceedingly  minute  specks,  and  if  the  exposure  is  an  hour  and 
upwards,  there  will  be  thousands  of  these  tiny  points  scat- 
tered over  the  plate  where  perhaps  only  a  score  or  two  of 
stars  are  visible  to  the  naked  eye,  while  not  a  dozen  of  them 
could  be  seen  at  all  on  the  ground  glass  of  the  camera. 

Of  course  not  many  photographers  have  the  necessary 
facilities  for  making  pictures  of  this  kind.  If,  however,  some 
friend  or  good-natured  astronomer  has  a  small  telescope  of 
the  kind  referred  to,  which  can  be  made  available,  the  thing 
is  easily  managed.  The  camera  can  be  strapped  or  tied  ta 
the  tube  of  the  telescope  in  a  few  minutes,  and  then  every- 
thing is  ready  to  proceed  with  the  exposure.  The  camera 
should  be  focussed  previously  with  the  utmost  care,  using 
the  full  Hpcrture  on  a  well-defined  distant  object,  and  then 
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marked  or  clamped  in  such  a  way  that  nothing  can  be 
changed  when  the  camera  is  attached  to  the  telescope.  It 
is  almost  indispensable  that  the  full  aperture  should  be  used 
if  the  exposure  is  to  be  continued  long  enough  for  the  fainter 
stars,  as  otherwise  the  time  would  be  greatly  increased, 
with  very  little  corresponding  gain.  Any  good  rectilinear 
lens  will  give  sharp  images  over  a  sufficient  portion  of  the 
plate,  provided  it  is  accurately  focussed.  In  most  uses  of  the 
lens  this  is  not  an  important  matter,  because  any  ordinary 
error  is  corrected  by  the  use  of  stops,  but  in  stellar  pictures 
a  small  error  in  the  position  of  the  lens  will  utterly  spoil  a 
plate  which  otherwise  would  have  been  entirely  satisfactory. 

It  will  be  found  very  convenient  to  have  one  of  the  common 
simple  shutters  attached  to  the  camera  lens,  with  a  tube  and 
bulb  running  down  to  the  eye-piece,  so  that  the  lens  can  be 
closed  in  an  instant  if  anything  goes  wrong.  The  clock  may 
need  winding,  and  the  dome  shifted  from  time  to  time,  and, 
although  with  a  good  driving-clock  the  observer  can  leave 
the  instrument  long  enough  to  attend  to  such  matters,  it  is 
safer  to  be  able  to  shut  off  the  light  in  the  event  of  the  clock 
stopping,  or  any  accident  occurring.  Then  the  instrument 
can  be  brought  back  to  the  original  place,  and  when  every- 
thing is  all  right,  the  exposure  continued  as  long  as  may  be 
desired. 

It  is  perhaps  now  generally  known  that  the  exquisite  pic- 
tures of  the  Milky-Way,  and  other  portions  of  the  heavens, 
made  by  Professor  E.  E.  Barnard  of  the  Lick  Observatory, 
were  made  with  an  ordinary  portrait  lens  tied  to  the  tube 
of  a  six-inch  telescope.  These  pictures  have  never  been  ex- 
celled by  anyone  ,and  rarely,  if  ever,  equalled.  They  show, 
as  pictures  taken  with  no  photographic  telescope  could,  the 
wonderful  structure  of  the  invisible  heavens  with  the  mil- 
lions of  stars  lying  beyond  the  reach  of  the  unaided  eye.  The 
number  of  individual  stars  shown  on  a  single  8  X  10  plate, 
and  that  of  a  region  not  in  the  Milky-Way,  and  in  which  but 
few  stars  are  seen  with  the  eye,  is  estimated  to  be  not  less 
than  60,000.  This  required  an  exposure  of  about  four 
hours,  using  an  aperture  of  about  one-sixth  of  the  focal 
length  of  the  lens.  Such  pictures  require  the  greatest  care  in 
making  the  exposures,  and  extreme  skill  in  developing  the 
plate  to  get  the  best  results.    But  very  interesting  pictures 
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can  be  made  in  less  time.  With  an  hour  or  an  hour  and  a 
half,  a  vast  number  of  telescopic  stars  will  be  shown,  and 
such  a  negative  of  a  prominent  constellation,  like  Orion  or 
Ursa  Major,  will  repa3^  the  amateur  for  all  the  trouble  it 
may  cost  to  get  it.  Lantern  slides  from  such  negatives  are 
more  wonderful  and  interesting  than  any  other  stellar  pho- 
tographs. When  thrown  upon  the  screen,  it  is  difficult  for 
many  to  believe  that  such  a  wilderness  of  stars  could  be 
really  photographed  with  a  lens,  through  which  not  one  in 
a  thousand  could  be  seen  on  the  ground  glass. — From  An- 
thony's International  Annual  of  Photography,  1891. 
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For  The  Messenger. 

The  recent  work  of  Dr.  Kleiber  on  the  orbits  of  meteors  is 
probably  the  fullest  that  has  yet  appeared.  It  has  two  dis- 
advantages :  first  that  it  is  written  in  Russian  with  the  ex- 
ception of  an  English  abstract  (on  which  alone,  together 
with  the  figures,  I  have  relied)  and  secondU-  that  it  is  full 
of  typographical  errors  which  are  by  no  means  completely 
corrected  in  the  table  of  errata.  The  computation  of  orbits 
corresponding  to  Mr.  Denning's  918  radiants,  however,  was 
a  gigantic  task,  and  can  hardly  fail  to  prove  an  useful  one. 
Mr.  Denning's  Catalogue,  I  should  observe,  is  not  very  suit- 
able for  drawing  inferences  as  to  the  properties  of  radiants 
generally,  because  it  contains  numbers  of  determinations  of 
the  same  radiant  in  different  years.  But  when  we  come  to 
deal  with  the  results  numerically  we  often  find  contrasts 
much  too  great  to  be  accounted  for  in  this  way. 

I  cannot  find  that  Dr.  Klciber's  results  afford  any  explana- 
tion of  stationary  radiants,  and  their  existence  appears  so 
certain  as  a  fact  (if,  indeed,  all  radiants  are  not  stationary) 
that  this  defect  seems  to  me  to  show  that  the  current  theory 
on  the  subject  is  incom])k'tc — in  other  words  that  the  mo- 
tions of  meteors  in  the  air  depend  in  part  on  some  cause 
which  has  not  yet  been  detected.  1  suggested  the  impulse  of 
the  air  on  the  meteor  as  the  cause  wliicli  had  been  neglected, 
but  this  does  not  seem  very  satisfactory.  The  i)roblcni  has 
yet  to  be  solved. 
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Dr.  Kleiber's  results  were  supposed  to  confirm  the  shifting 
of  the  Perseid  radiant  which  Mr.  Denning  had  inferred  from 
his  observations.  This  seems  somewhat  doubtful.  Dr. 
Kleiber's  idea  is  that  the  Perseid  meteors  form  a  ring  having 
a  definite  orbit  in  space.  In  this  case  the  elements  /  and 
TT  —  Q  in  the  computed  orbits  ought  to  be  constant — which 
condition  Dr.  Kleiber  thinks  Mr.  Denning's  Perseids  fulfil 
"tolerably  well."  It  is  at  all  events  not  more  than  "toler- 
ably" well,  seeing  that  for  the  first  radiant  in  his  catalogue 
which  Mr.  Denning  calls  a  Perseid  the  value  of  /  is  107°. 9 
and  of-  —  Q,  162°.!*,  while  for  the  last  Perseid  radiant  the 
corresponding  values  are  /  =  113°. 5,  r  —  Q  —  142°. 7,  It 
may  be  worth  noting  that  at  an  ascending  node,  where  the 
orbit  passes  from  the  S.  to  the  N.  of  the  ecliptic,  the  meteor- 
tracks,  if  projected  backwards,  must  intersect  to  the  S.  of  the 
ecliptic;  while  for  a  similar  reason  at  the  descending  node 
they  must  intersect  to  N.  of  it.  Hence  a  northern  radiant  (a 
radiant  with  X.  latitude)  implies  that  the  meteor  is  seen  at 
the  descending  node,  and  a  southern  radiant  implies  that  it 
is  seen  at  the  ascending  node.  An  observer  in  the  latitude 
of  Bristol  naturally  sees  a  larger  number  of  meteors  belong- 
ing to  northern  than  to  southern  radiants;  and  of  Mr. 
Denning's  918  radiants  only  96  appear  to  be  southern. 
This  peculiarity,  however,  probably  depends  on  the  observ- 
ing station  and  does  not  indicate  any  law  of  the  distribu- 
tion of  radiants. 

If  I  walk  along  a  train-line  I  meet  a  larger  number  of 
trains  than  those  which  overtake  me,  and  for  the  same 
reason  we  might  expect  to  encounter  more  meteors  whose 
motions  were  retrograde  than  those  whose  motions  were 
direct;  the  difference  being  more  marked  at  small  inclina- 
tions. Dr.  Kleiber's  Catalogue,  however,  shows  the  con- 
trary. Orbits  with  direct  motion  predominate  especialh'  at 
small  inclinations.  For  inclinations  of  less  than  10°  more 
than  two-thirds  of  the  meteors  are  direct.  This  reminds  us 
of  the  comets  of  short  period  whose  motions  are  in  almost 
all  cases  direct  and  their  inclinations  small,  and  meteors  of 
this  class  are  worth  watching  to  see  whether  they  exhibit  a 
six  or  seven  years'  periodicity  like  the  comets  in  question. 

*  Whether  designedly  or  b^-  a  typographical  error  Dr.  Kleiber  omits  the 
letter  P.  (Perseid)  after  this  radiant. 
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The  Catalogue  exhibits  some  very  remarkable  features 
with  regard  to  the  value  of  r  —  Q .  Among  918  radiants 
v^'e  should  expect  to  find  about  150  with  a  value  of  0°  to 
60°  for  -  —  Q .  There  are  in  fact  only  17.  But  this  is  not 
all;  15  of  the  17  are  among  those  in  which  the  meteors  are 
seen  at  the  ascending  instead  of  the  descending  node.  In  no 
case  where  the  meteors  are  at  the  descending  is  -  —  s^  less 
than  36°.  Moreover  the  same  deficiency  occurs  for  meteors 
at  the  ascending  node  when  the  value  of  -  —  Q  is  between 
180°  and  240°.  Nor  does  the  deficiency  cease  at  these 
points.  For  values  of  - —  Q  between  60°  and  120°  we 
have  only  about  60  orbits  instead  of  150,  and  in  more  than 
one-half  of  these  60  the  meteors  were  seen  at  the  ascending 
node.  For  values  of  -  —  Q  between  300°  and  360°  there  is 
also  a  deficiency  (the  number  being  again  about  sixty),  but 
the  great  majority  of  these  showed  meteors  at  the  descend- 
ing node.  There  is,  of  course,  a  corresponding  crowding  for 
values  of  - —  q  between  120°  and  300°.  The  result  appears 
to  be  that  meteors  are  not  seen  unless  the  node  is  tolerably 
near  the  perihelion.  In  fact,  if  V  stands  for  the  node  which 
we  are  considering,  the  chance  against  seeing  any  meteors 
is  enormous  if  -  —  V  lies  between  180°  and  240°,  while  it  is 
considerable  for  all  values  of  -  —  V  between  120°  and  300°. 
I  fail  to  see  any  physical  causecapable  of  explaining  this  sing- 
ular state  of  things,  and  can  only  suggest  that  the  force 
(whatever  it  be)  that  has  been  neglected  in  these  computa- 
tions has  the  effect  of  making  the  node  appear  to  be  nearer 
to  the  perihelion  than  it  really  is. 

Another  remarkable  fact  is  that  during  the  first  six 
months  of  the  year,  when  the  earth  is  receding  from  the  sun, 
the  direct  orbits  out-number  the  retrograde  in  the  propor- 
tion of  four  to  one,  while  the  retrograde  orbits  arc  more 
numerous  during  the  latter  half-year. 

Having  touched  on  the  question  of  meteoric  rings  I  may 
mention  that  such  rings  appear  to  be  more  strongly  indi- 
cated by  Dr.  Kleiber's  figures  in  some  other  cases  than  in 
that  of  the  Perseids.    Here  is  one  for  instance : 
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No.  in  lat. 

Radiant. 

7 

^-  Q 

Date. 

119 

272  -f-  21 

92.9 

236.9 

Apr.  25. 

208 

329  +  36 

92.4 

237-4 

July  12. 

493 

16  +  54 

94.0 

243- 1 

Sept.  5. 

5^1 

20  -(-  56 

90.6 

240.2 

Sept.  13. 

672 

70  +65 

94.0 

243-7 

Oct.  15. 

812 

140  +  65 

87.0 

239-7 

Nov.  25. 

873 

161  +  58 

90.9 

237-2 

Dec.  9. 

909 

177  +  49 

92.8 

243.0 

Dec.  28. 

This  of  course  is  only  intended  as  a  specimen.  There  would 
seem  to  be  a  grand  ring  with  a  radiant  situated  not  far  from 
the  pole  of  the  ecliptic  into  which  most  of  the  Draconids 
enter. 

In  conclusion  I  may  notice  that  as  the  tangent  at  the  peri- 
helion is  perpendicular  to  the  line  joining  the  perihelion  to 
the  sun,  any  force  perpendicular  to  the  line  joining  the 
meteor  to  the  sun  will  make  the  perihelion  seem  nearer  than 
it  is.  But  the  earth's  orbit  being  nearly  circular  a  force  di- 
rected along  it  will  be  nearly  perpendicular  to  this  line. 
Consequently  a  force  directed  along  the  earth's  orbit,  and 
neglected  by  the  computer,  will,  I  think,  account  for  the  pe- 
culiar features  exhibited  by  Dr.  Kleiber's  Catalogue;  and 
perhaps  the  conjecture  which  I  hazarded  as  to  the  effect  of 
the  impulse  of  the  air  upon  the  meteor  may  not  be  so  wide 
of  the  mark  as  my  mathematical  friends  imagine. 
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PROFESSOR  E.  E.  BARNARD,  Lick  Observatoky. 


We  are  familiar  with  the  fact  that  when  a  ray  of  white 
light  passes  through  a  prism,  it  is  separated  into  a  band  of 
brilliant  colors,  red  at  one  end  and  blue  or  violet  at  the 
other.  This  is  called  a  spectrum.  It  has  been  found  that 
different  portions  of  this  spectrum  have  vastly  different 
effects  upon  the  ordinary  photographic  plate  when  exposed 
to  its  action.  This  effect  is  called  actinic  energy.  The  great- 
est actinic  energy  comes  from  the  ultra  violet,  in  the  region 
of  the  hj'drogen  line  G.  It  diminishes  rapidly  in  going  down 
the  spectrum,  and  ceases  near  the  line  F.  Still  further  down 
the  spectrum  occurs  the  brightest  part  in  the  yellow  near  the 
sodium  line. 
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All  lenses  act  more  or  less  as  prisms,  and  the  light  passing 
through  them  is  separated  into  the  primary  colors,  and 
these  are  each  refracted  differently,  and  come  to  a  focus  at 
different  points  along  the  optical  axis.  By  the  proper  com- 
bination of  glasses  of  different  refractive  indices,  and  by 
grinding  the  surfaces  of  the  lenses  to  certain  curvatures,  op- 
ticians have  been  able  to  re-combine  a  few  of  these  rays,  and 
to  bring  them  to  one  focus  to  form  a  sharp  image,  but  it  is 
impossible  to  bring  all  the  rays  together  again. 

As  the  yellow  region  of  the  spectrum  will  give  the  bright- 
est image,  all  telescopic  object-glasses  are  so  constructed  as 
to  utilize  that  jjarticular  portion.  Hence,  in  making  an  ob- 
ject-glass, the  extreme  ends  of  the  spectrum  are  neglected, 
and  those  rays  are  either  scattered,  or  have  their  focus  at 
some  other  point  than  that  occupied  by  the  visual  image. 

In  the  photographic  lenses  that  are  in  every-da^-  use,  opti- 
cians have  been  able  to  make  the  visual  and  the  chemical 
foci  coincide  more  or  less  accurately  bj^  averaging  the  foci  of 
the  different  parts  of  the  spectrum,  so  that  when  the  image 
is  sharp  on  the  ground  glass,  it  will  give  a  sharp  impression 
on  the  sensitive  plate. 

When,  however,  a  telescopic  object-glass  is  constructed, 
other  requirements  enter  into  consideration.  The  image 
must  be  more  perfect  than  in  the  photographic  lens,  as  it  will 
have  to  be  greatly  magnified.  Ever3'  ray,  therefore,  that 
goes  to  make  up  the  image  must  come  exactly  to  the  same 
focal  point;  any  deviation  from  this  and  the  result  would  be 
blurred.  On  account  of  the  longer  focus  in  the  telescopic  ob- 
jective, the  visual  and  the  chemical  foci  are  hopelessly  sepa- 
rated . 

This  yellow  region,  from  which  the  visual  image  is  formed, 
is  devoid  of  actinic  energy  (hence  the  yellow  light  for  dark 
rooms).  If  the  image  in  the  telesc()i)c  is  sharply  focusscd  on 
a  ground  glass,  it  will  not  give  a  sharp  picture,  for  the  vis- 
ual image  will  have  no  effect  on  the  plate;  there  will  be  a 
blurred  impression,  however,  from  the  actinic  image,  which 
will  be  out  of  focus  at  that  point.  Hence  telescopes  that  are 
used  for  celestial  ])h()tography  must  be  si)ecially  cor- 
rected for  the  actinic  rays,  and  are  worthless  for  visual  pur- 
poses. The  great  3()-inch  refractor  of  the  Lick  Observatory 
has  a  "correcting  lens"  which,  when  placed  over  the  visual 
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objective,  converts  it  into  a  photographic  lens  by  bringing 
the  chemical  rays  to  a  sharp  focus.  When  this  correcting 
lens  is  on,  the  telescope  cannot  be  used  visually. 

A  good  many  people  have,  perhaps,  tried  to  photograph 
with  a  non-photographic  telescope,  and  have  been  disap- 
pointed with  the  result  because  the  image  was  blurred.  It  is 
possible,  nevertheless,  to  get  extremely  satisfactory  pictures 
with  any  good  refracting  telescope,  but  as  the  visual  and 
chemical  foci  do  not  coincide,  it  is  necessary  to  find  the  posi- 
tion of  the  latter  with  reference  to  the  visual  focus.  The  ac- 
tinic image  is  totally  invisible  on  the  ground  glass,  and  we 
have  to  grope  for  it  in  the  dark  as  it  were.  Its  position  can 
easily  be  found  by  experiment.  Perhaps  the  following  is  the 
best  method  with  a  large  and  properlj^  mounted  telescope. 
A  suitable  attachment  is  made  to  carry  the  ground  glass 
and  plate  holder ;  this  takes  the  place  of  the  eye-piece,  and  is 
supposed  to  be  adjusted  for  changing  the  focus.  If  the  tele- 
scope is  directed  to  a  star  and  allowed  to  remain  stationary, 
the  star  will  pass  across  the  field  of  view  by  the  rotation  of 
the  earth.  Focus  the  image  carefulh'  on  the  ground  glass. 
It  should  appear  as  a  tiny  point  of  light.  Record  this  posi- 
tion of  the  tube.  Substitute  now  the  sensitive  plate,  and 
adjust  the  instrument  so  that  the  star  shall  cross  the  field ; 
give  an  exposure  of,  say,  half  a  minute,  the  telescope  re- 
maining stationary.  Draw  the  tube  out  now  about  0.05  of 
an  inch  and  repeat  the  exposure.  Continue  this  a  number 
of  times,  taking  care  after  each  exposure  to  shift  the  tele- 
scope in  altitude  so  that  successive  trials  shall  not  fall  on 
each  other.  When  the  plate  is  developed  it  will  contain  a 
series  of  lines  or  trails  produced  by  the  light  of  the  star  as 
it  crossed  the  plate.  Some  of  these  will  be  blurred,  but  it 
will  be  seen  that  they  successively  become  sharper  until  one 
is  found  that  is  perfectly  sharp  (if  the  experiment  has  been 
carried  far  enough).  This  will  have  been  made  at  the  chem- 
ical focus.  The  record  for  this  trail  compared  with  the  read- 
ing when  the  image  was  in  focus  on  the  ground  glass  will  be 
the  correction  to  the  visual  to  obtain  the  chemical  focus. 
Hence,  when  a  photograph  is  to  be  made,  the  image  is 
sharply  focussed  on  the  ground  glass,  the  telescope  is  then 
adjusted  to  the  chemical  focus,  and  the  resulting  picture 
should  be  sharp.    I  have  said  to  move  the  plate  away  from 
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the  object  glass  in  the  search  for  the  actinic  focus,  because  in 
my  experience  with  four  different  telescopes,  the  chemical 
focus  was  outside  the  visual  in  each  case.  This  focus,  may, 
however,  prove  to  be  inside  or  towards  the  objective.  To 
identify  the  first  or  last  trail  on  the  plate,  it  is  only  neces- 
sary to  cover  the  objective  for  several  seconds  during  the 
first  or  last  exposure,  and  then,  by  breaking  the  trail,  iden- 
tify it  with  certainty. 

I  have  thus  experimented  with  four  telescopes  and  found 
that  in  each  case  they  gave  very  satisfactory  photographs 
at  the  chemical  focus.  These  were  the  6-inch  Cooke  equa- 
torial, of  the  Vanderbilt  University,  Nashville,  Tenn.,  (the 
■chemical  focus  of  this  instrument  is  0.17  inches  outside  the 
visual) ;  a  3H-inch  Clark  objective  (0.10  inches  outside) ;  a 
6V2-inch  Clark  equatorial  (0.12  inches  outside) ;  a  12-inch 
Clark  equatorial  (0.24  inches  outside).  The  last  three  are 
of  the  Lick  Observatory. 

When  the  amount  of  light  is  not  of  special  importance,  as 
in  the  case  of  the  sun  (at  an  eclipse)  or  the  moon,  the  image 
is  very  much  improved  by  reducing  the  aperture.  Thus  with 
a  3l^-inch  Clark  objective,  reduced  to  1%  inches,  photo- 
graphs were  obtained  of  the  corona  of  the  total  eclipse  of  the 
sun  of  January  1,  1889,  that  were  comparable  in  quality 
with  those  made  at  the  same  eclipse  with  a  13-inch,  specially 
corrected,  photographic  telescope.  And  with  the  GV^-inch 
telescope,  cut  down  to  3  inches,  Mr.  Burnham  secured  ad- 
mirable photographs  of  the  corona  at  Cayenne,  South 
America,  during  the  total  eclipse  of  Dec.  22, 1889.  With  the 
same  instrument  (6V^-inch)  and  an  hour  and  a  half's  expos- 
ure (full  aperture)  perfectly  satisfactory  pictures  of  thir- 
teenth magnitude  stars  were  obtained.  These  stars  were 
just  visible  to  the  eye  in  the  same  instrument.  Very  satis- 
factory photographs  of  the  moon  have  been  made  with  the 
12-inch,  though  none  of  these  telescopes  are  corrected  for  the 
chemical  rays, 'and  are  called  non-photograi)hic. 

In  these  cxja-riments  a  small,  flat  brass  box  to  carry  the 
plate  holder,  and  fitted  to  screw  onto  the  telescope  in  place 
of  the  eye-piece  holder,  was  used.  This  had  a  narrow  slit 
through  which  a  cardboard  slide,  with  an  exposing  ajK'rture, 
could  be  shoved  across  in  front  of  the  i)late  in  making  the 
exposure. 
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For  the  brighter  naked-eye  stars,  an  instantaneous  expos- 
ure is  necessary.  For  the  moon,  one  or  two  seconds  when 
half  full,  and  0.2  or  0.3  of  a  second  when  full.  For  making 
direct  enlargements  In  the  telescope,  an  ordinary  negative  or 
positive  eye-piece  can  be  employed,  but  the  tube  carrying  the 
plate-holder  must  be  very  much  longer.  The  correction 
from  the  visual  to  the  chemical  focus  will  be  the  same 
whether  an  enlarging  lens  is  used  or  not.  When  other  than 
instantaneous  exposures  are  required,  it  is  necessary  that 
the  telescope  be  made  to  follow  the  object  accurately 
throughout  the  exposure. — From  Anthony's  International 
Annual  of  Photography,  1891. 
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PROFESSOR  C.  S.   H.\STINGS.  Vale  Univeksitv 


There  is  no  instrument  which  has  done  so  much  to  widen 
the  scope  of  human  knowledge,  to  extend  our  notions  of  the 
universe,  and  to  stimulate  intellectual  activity,  as  has  the 
telescope,  unless  the  microscope  be  regarded  as  a  successful 
rival.  But  even  admitting  a  parity  in  scientific  importance, 
the  former  instrument  is  incomparably  more  interesting  in 
its  history,  in  the  same  degree  that  its  history  is  more  sim- 
ple and  more  comprehensible.  To  trace  its  development 
from  a  curious  toy  in  the  hands  of  its  discoverer,  for  we 
shall  see  that  this  term  is  more  appropriate  than  inventor, 
to  the  middle  of  this  century,  is  to  be  brought  into  contact 
with  most  of  the  great  philosophers  from  the  time  of  the 
renaissance,  who  have  achieved  greatness  in  physical  science, 
Galileo,  Torricelli,  Huyghens,  Cassini,  Newton,  Halley,  Kep- 
ler, Euler,  Calaiault,  the  Herschels,  father  and  son.  Fraun- 
hofer,  Gauss — from  only  a  portion  of  the  list  of  great  names. 
Its  growth  towards  perfection  has  constantly  carried  with 
it  increased  precision  in  the  applied  sciences  of  navigation 
and  of  all  branches  of  engineering.  It  would  be  easy  to  show 
that  even  pure  mathematics  would  be  in  a  far  less  forward 
state  had  there  been  no  problems  of  astronomy  and  physics 

*  Address    delivered  at  the  dedication  of  the    Goodsell    Observatory 
•of  Carleton  College.  Northfield,  Minn.,  June  11,  1891. 
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which  were  first  suggested  by  the  employment  of  the  tele- 
scope. It  is  to  this  history  that  I  venture  to  invite  your 
attention  this  evening.  I  purpose  to  review  succinctly  the 
origin  and  development  of  this  potent  aid  in  the  study  of 
nature,  to  name  some  of  the  more  important  achievements 
depending  upon  it,  and  to  trace  its  gradual  improvement  to 
the  magnificent  and  complicated  instrument  which  consti- 
tutes the  modern  equatorial.  After  this  sketch  I  shall  try 
to  give  an  idea  of  the  imperfections  which  the  conscientious 
artisan  has  to  contend  with  in  attaining  perfection,  and 
to  make  clear  the  methods  which  have  been  employed  in  re- 
ducing these  imperfections  in  the  noble  instrument  now 
erected  at  this  institution,*  and  explain  why  its  possessors 
are  so  hopeful  of  gratifj^ing  success. 

Galileo  learned  in  1609,  while  visiting  Venice,  that  a  mar- 
velous instrument  had  been  invented  the  preceding  year  in 
Holland,  which  would  enable  an  observer  to  see  a  distant  ob- 
ject with  the  same  distinctness  as  if  it  were  only  at  a  small 
fraction  of  its  real  distance.  It  required  but  little  time  for 
the  greatest  physicist  of  his  age  to  master  the  problem  thus 
suggested  to  his  mmd,  and  after  his  return  to  Padua,  where 
he  held  the  position  of  professor  of  mathematics  in  the  fam- 
ous university  of  that  city,  he  set  himself  earnestly  to  work 
making  telescopes.  Such  was  his  success  that  in  August  of 
the  same  year  he  sent  to  the  Venetian  Senate  a  more  perfect 
instrument  than  they  had  been  able  to  procure  from  Hol- 
land ;  and  in  January  of  the  next  year,  by  means  of  a  teles- 
cope magnifying  thirty  times,  he  discovered  the  four  satel- 
lites of  Jupiter.  This  brilliant  discovery  was  followed  by 
that  of  the  mountains  in  the  moon;  of  the  variable  phases 
of  Venus,  which  established  the  Copernican  theory  of  the  so- 
lar system  as  incontestible;  and  of  the  true  nature  of  the 
Milky  Way,  together  with  many  others  of  less  ])hilosophical 
importance.  Though  Oalileo  did  not  change  the  character 
of  the  telescope  as  it  was  known  to  its  discoverer  in  Hol- 
land, he  made  it  much  more  perfect,  and,  above  all,  made 
the  first  and  most  fertile  application  of  the  instrument  to 
increase  the  bounds  of  human  knowledge,  so  that  it  is  inevit- 
able that  his  name  sliould  be  indissohibly  connected  with 
the  instrument.  Thus  tlie  form  which  he  used  is  to  this  day 
known  as  the  Galilean  telescope. 

*  Carteton  College. 
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Considering  the  enormous  interest  excited  throughout 
intellectual  Europe  by  the  invention, of  the  telescope,  it 
•seems  surprising  that  its  early  history  is  so  confused.  Less 
than  two  years  after  it  was  first  heard  of,  a  discovery,  per- 
haps the  greatest  of  a  thousand  years  in  the  domain  of 
natural  philosophy,  had  been  made  by  its  means.  Notwith- 
standing these  facts,  the  three  contemporary,  or  nearh'  con- 
temporary, investigators  assign  the  honor  to  three  different 
persons,  and  if  we  should  write  out  the  names  of  all  those 
to  whom  more  modern  writers  have  attributed  the  inven- 
tion the  list  would  be  a  long  one.  The  surprise  will  not  be 
boundless,  however,  if  we  consider  the  task  before  a  histor- 
ian in  the  next  century  who  undertakes  to  justly  apportion 
the  honor  of  the  invention  of  the  telephone  among  its  numer- 
ous claimants.  The  analogy,  though  suggested  in  the  ob- 
vious fact  that  the  telephone  is  to  hearing  just  what  the 
telescope  is  to  sight,  may  be  made  much  closer  if  we  could 
imagine  the  future  historian  deprived  of  all  but  verbal  des- 
cription, that  contemporary  diagrams  and  models  were 
wholly  wanting.  Under  such  conditions  it  is  difficult  to  be- 
lieve that  the  historian  w'ould  easily  escape  antedating  the 
disco  ver3'  of  the  telephone  proper  on  account  of  descriptions, 
generally  imperfect,  of  the  acoustic  telephone.  But  this 
would  fairh'  represent  the  condition  of  the  material  at  the 
command  of  an  investigator  of  the  present  day  into  a  ques- 
tion of  science  of  the  early  part  of  the  seventeenth  centurx-. 
No  wonder,  then,  that  the  invention  has  been  attributed  to 
Archimedes,  to  Roger  Bacon,  to  Porta,  and  to  many  others 
who  have  written  on  optics ;  but  to  find  the  name  of  Satan 
in  the  list  is  certainly  surprising.  Still  we  read  that  a  verv 
learned  man  of  the  17th  century,  named  Arias  Montanus, 
finds  in  the  fourth  chapter  of  Matthew,  eighth  verse,  evi- 
dence that  Satan  possessed,  and  probably  invented  a  tele- 
scope; otherwise,  how  could  he  have  'shown  Him  all  the 
kingdoms  of  the  world  and  the  glor\'  of  them  '  ?  *  It  seems 
to  be  well  established  now,  however,  that  Franz  Lippershev, 
or  Lippersheim,  a  spectacle  maker  at  Middleburg,  was  the 
real  inventor  of  the  telescope,  and  that  Galileo's  first  tele- 
scope, avowedl}^  suggested  by  news  of  the  Hollander's 
achievement,  was  an  independent  invention. 

*  The  history  of  the  telescope  is  admirabl.v  treated  in  Poggendorff 's 
Geschichte  der  Phvsik,  from  which  the  statements  above  are  taken. 
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That  this  discovery  was  really  an  accident  we  may  be 
quite  sure,  for  not  only  was  there  no  developed  theory  of 
optics  at  that  time,  but  even  the  law  of  refraction,  which 
lies  at  the  basis  of  such  theory-,  was  quite  unknown.  So, 
too,  it  seems  to  me  quite  certain  that  Galileo's  invention 
must  have  been  empirical  and  guided  by  somewhat  precise 
information,  such  as  that  the  instrument  consisted  essen- 
tially of  two  lenses  of  which  one  was  a  magnifying,  and  the 
other  a  diminishing  lens.  At  least,  that  Galileo's  telescope 
was  like  that  of  the  Hollander;  that,  theoretically  consid- 
ered, it  is  not  so  simple  as  that  made  of  two  magnifying 
lenses,  as  is  evinced  by  the  fact  that  Kepler,  the  first  philos- 
opher to  establish  an  approximate  theory  of  optical  instru- 
ments, only  two  years  later,  invented  the  latterand  pre- 
vailing form;  and,  finally,  that  Galileo  published  no  contri- 
butions to  the  theory  of  optics,  seem  quite  sufficient  reasons 
for  such  a  belief.  But,  in  any  case,  Galileo's  merit  is  in  no 
wise  lessened  by  having  failed  to  do  what  could  not  be  done 
at  that  time,  and  the  value  of  his  discoveries  in  emancipa- 
ting men's  minds  from  authoritj'in  matters  of  pure  reason  is 
incalculable. 

No  other  discoveries  of  great  moment  were  made  until 
over  a  generation  after  Galileo  proved  the  existence  of  spots 
on  the  sun  in  1611.  This  cessation  of  activity  was  doubt- 
less owing  to  the  difficulty  of  securing  telescopes  of  greater 
efficiency  than  that  possessed  by  Galileo,  and  which  he 
would  hardly  have  left  until  its  powers  of  discovery  had 
been  full}*  exhausted  in  his  own  hands.  By  the  middle  of  the 
17th  century,  however,  several  makers  of  lenses  had  so  far 
improved  the  methods  of  grinding  and  polishing,  that  tele- 
scopes notably  superior  in  power  to  that  of  Galileo  were 
procurable.  Of  these  Torricelli,' Divini,  and  Campani,  all 
Italians;  Auzout,  who  constructed  a  telescope  600  feet  in 
length,  though  no  means  was  ever  found  for  directing  such  an 
enormous  instrument  towards  the  heavens;  but  above  all, 
Huj'ghens,  have  won  distinction  as  telescope  makers.  The 
last  named  philosopher  discovered  1)}'  means  of  a  telescope 
of  his  own  construction,  the  hirgest  satellite  of  Saturn  in 
1655,  thus  adding  a  fifth  member  to  the  list  of  planetary 
])odies  unknown  to  the  ancients.  But  his  most  important 
astronomical  discovery,  made  also  in  1635,  was  the  nature 
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of  the  rings  of  Saturn.  This  object  had  greatly  puzzled  Gal- 
ileo, to  whose  small  telescope  the  planet  appeared  to  consist 
of  a  larger  sphere  flanked  on  either  side  by  a  smaller  one ; 
but  when  in  the  course  of  the  orbital  motion  of  Saturn  the 
rings  entirely  disappeared  he  was  wholly  unable  to  suggest 
an  explanation.  This  planet  had  thus  presented  a  remark- 
able probleYn  to  all  astronomical  observers  for  more  than 
forty  years,  and  the  records  of  the  efforts  to  solve  it  during 
that  interval  afford  us  a  most  excellent  means  of  judging  the 
progress  in  practical  optics.  Huyghens  announced  these 
discoveries  early  in  1656,  but  that  relating  to  the  ring  was 
given  in  the  form  of  an  anagram,  the  solution  of  which  was 
first  published  in  1659.  This  discovery  was  contested  in 
Italy  by  Divini  but  was  finally  confirmed  by  members  of  the 
Florentine  Academy  with  one  of  Divini's  own  telescopes. 

A  few  years  later  the  famous  astronomer  Cassini,  having 
come  to  Paris  from  Italy  as  Royal  Astronomer,  commenced 
a  series  of  brilliant  discoveries  with  telescopes  made  by 
Campani  of  Rome.  With  these,  varying  in  length  from  35 
feet  to  136  feet,  he  discovered  four  satellites  to  Saturn  in  ad- 
dition to  the  one  discovered  by  Huj'ghens.  The  whole  num- 
ber was  increased  by  Herschel's  discovery  of  two  smaller 
ones  in  1789,  a  hundred  and  five  years  after  Cassini's  last 
discovery,  and  again  by  Bond's  discovery  of  an  eighth  in 
1848.  The  Saturnian  s^'stem,  to  which  the  telescope  has 
doubtless  been  directed  more  frequently  than  to  an\'thing 
else,  thus  serves  as  a  record  of  the  successive  improvements 
of  the  telescope.  Highly  significant  is  the  fact  that  the  dis- 
coveries of  the  18th  centurv  were  made  with  a  reflectinar 
telescope,  the  others  all  being  with  refracting  instruments. 

Cassini's  discovery  in  1684  of  the  two  satellites  now 
known  as  Tethys  and  Dione,  was  not  accepted  as  conclusive 
until  long  afterwards,  when  Pound  in  1718  with  a  telescope 
123  feet  in  length,  which  Huyghens  had  made  and  presented 
to  the  Royal  Society,  saw  all  five.  This  particular  instru- 
ment is  of  especial  interest  because  it  is  the  only  one  of  those 
of  the  last  half  of  the  17th  century  which  has  been  carefully 
compared  with  modern  instruments.  Aloreover,  it  is  with- 
out doubt  quite  equal  in  merit  to  any  of  that  period.  But 
we  find  that,  although  it  had  a  diameter  of  six  inches,  its 
performance  was  hardly  better  than  that  of  a  perfect  mod- 
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ern  telescope  of  four  inches  in  diameter  and,  perhaps,  four 
and  a  half  feet  in  length,  while  in  regard  to  convenience  in 
use  the  modern  compact  instrument  is  incomparably 
superior. 

Another  notable  discover^'  of  this  period  was  that  of  the 
duplicity  of  the  rings  of  Saturn  by  the  Ball  brothers  in  1665, 
though  its  independent  disco ver3^  by  Cassini  ten  years  later 
first  attracted  the  attention  of  astronomers.  The  earlier 
discovery  was  made  by  means  of  a  telescope  38  feet  long 
which  seems  to  have  been  of  English  manufacture.  We 
must  regard  Cassini 's  discovery  of  the  third  and  fourth  sat- 
ellites of  Saturn,  however,  as  marking  the  very  farthest 
reach  of  the  old  form  of  telescope ;  a  century  was  to  elapse 
and  an  entirely  new  form  of  telescope  w^as  to  be  developed 
before  another  considerable  addition  to  our  knowledge  of 
the  aspect  of  the  heavenly  bodies  was  to  be  made.  It  is  true 
larger  telescopes  were  made,  and  Hu3'ghens  invented  a 
means  b3'  which  they  could  be  used  without  tubes,  but  not- 
withstanding this  improvement  they  proved  so  cumbersome 
as  to  be  impracticable. 

The  older  opticians  had  found  that  if  they  attempted  to  in- 
crease the  diameter  of  a  telescope  they  were  obliged  to  in- 
crease its  length  in  a  much  more  rapid  ratio  to  secure  dis- 
tinct vision.  The  reason  of  this  was  not  clearly  understood, 
but  it  was  supposed  to  be  owing  to  the  fact  that  a  wave 
front,  changed  in  curvature  by  passing  through  a  spherical 
■surface,  is  no  longer  strictly  spherical.  This  deviation  in 
shape  of  the  refracted  wave  from  a  true  sphere  is  called 
spherical  aberration.  When  the  refracting  surfaces  arc  large 
and  of  considerable  curvature  this  soon  becomes  very 
serious,  but  by  using  small  curvature,  which,  in  a  telescope, 
obviously  corresponds  to  great  length,  the  effects  of  the 
error  can  be  made  insensible.  Newton's  discovery  of  the 
composite  nature  of  light  and  of  the  i)hcnomcnon  of  disper- 
sion enabled  him  to  explain  the  true  cause  oi  indistinctness 
in  short  telescopes;  namely,  that  the  refraction  by  the  ob- 
jective varies  for  different  colors;  conse(|tiently,  if  the  ocular 
is  placed  for  one  particular  color,  it  will  not  be  in  the  right 
position  for  any  of  the  others,  whence  the  image  of  a  star  or 
])1anet  will  seem  to  be  surrounded  by  a  fringe  of  colored 
li)jjht.    Newton  found   this  source  of  indistinctness  in    the 
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image,  which  is  now  known  as  chromatic  aberration,  many 
hundred  times  as  serious  as  the  spherical  aberration.  As  he 
was  persuaded  by  his  experiments  that  this  obstacle  to 
further  improvement  in  the  refracting  telescope  was  insuper- 
able, he  turned  his  attention  to  a  form  of  telescope  which 
had  been  suggested  a  number  of  years  earlier  in  which  the 
image  was  to  be  formed  by  reflection  from  a  concave  mirror, 
and  constructed  a  small  one  with  his  own  hands  which  is 
still  in  the  possession  of  the  Royal  Society.  This  little  in- 
strument seems  to  have  been  of  about  the  same  power  as 
Galileo's  instrument  with  which  he  discovered  the  satellites 
of  Jupiter,  but  it  was  hardly  more  than  six  inches  in  length. 

Since  that  time  the  reflecting  telescope  has  had  a  remarka- 
ble history  of  development  in  the  hands  of  a  number  of  most 
skilful  mechanicians,  who  have  also  for  the  most  part  been 
distinguished  by  their  discoveries  in  physical  astronomy ;  we 
may,  therefore,  advantageously  depart  from  the  chronologic- 
al treatment  and  follow  the  history  of  this  type  of  instru- 
ment. This  course  is  the  more  natural  because  we  may 
probably  regard  the  supremacy  of  the  reflector,  undisputed 
a  century  ago,  as  passed  away  forever. 

Even  after  Newton's  invention  was  made  public  little  was 
done  towards  the  improvement  of  telescopes  for  half  a  cen- 
tury, until  Hadley  presented  a  reflector  of  his  own  construc- 
tion to  the  Royal  Society  in  1723  which  was  found  to  be 
equal  to  the  Huyghens  refractor  of  123  feet  in  length.  From 
this  time  we  may  date  the  beginning  of  the  superiority  of  re- 
flectors. A  few  years  later  Short  commenced  his  career  as  a 
practical  optician,  and  for  thirty  years  he  wasunapproached 
in  the  excellence  of  his  instruments.  During  this  time  many 
telescopes,  more  powerful  than  the  best  of  the  previous  cen- 
tury and  infinitely  more  convenient  in  use,  had  been  made 
and  scattered  throughout  Europe,  but  during  this  period  also 
there  was  a  singular  dearth  of  telescopic  discovery.  Per- 
haps men  thought  that  the  harvest  had  already  been  gath- 
ered ;  or,  perhaps  we  may  find  the  explanation  in  that  the 
great  cost  of  telescopes  so  restricted  their  use  that  the  im- 
pulse to  discovery  by  their  means  was  confined  to  a  very 
vSmall  class.  In  view  of  the  remarkable  manner  in  which  the 
stand-still  in  this  branch  of  science  was  finallj^  followed  by  a 
brilliant  period  of  disco  very,  rivalled  alone  by  that  of  Galileo, 
we  might  well  regard  the  latter  cause  as  the  chief  one. 
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William  Herschel  was  born  in  1738  in  Hanover.  In  1755 
he  left  his  native  country,  and,  going  to  England,  secured  a 
position  as  organist  in  Octagon  Chapel,  Bath,  where  we  find 
him  in  1766.  Here  he  became  so  profoundly  interested  in 
the  views  of  the  heavens  which  a  borrowed  telescope  of 
moderate  power  j-ielded,  that  he  tried  to  purchase  one  in 
London.  The  cost  of  a  satisfactor3"  instrument  proving  be- 
yond his  command,  he  determined  to  construct  one  with  his 
own  hands.  Thus  he  entered  upon  a  course  which  was  to 
reflect  honor  upon  himself,  his  country,  and  his  age,  and 
which  was  to  add  more  to  ph^-sical  astronomy  than  an^- 
other  one  man  has  added  before  or  since.  With  almost  in- 
conceivable industr3'  and  perseverance  he  cast,  ground,  and 
polished  more  than  four  hundred  mirrors  for  telescopes,  va- 
rying in  diameter  from  six  to  fortj^-eight  inches.  This  in  it- 
self would  imph^  a  busy  life  in  an\^  artisan,  but  when  we 
remember  that  all  this  was  merely  subsidiary  to  his  main 
work  of  astronomical  discovery,  we  cannot  withhold  our 
admiration. 

Fortunately  for  science  as  well  as  for  himself,  he  made 
earl}^  in  his  career  a  discovery  of  the  very  first  importance 
which  attracted  the  attention  of  all  Christendom.  On  the 
night  of  March  13,  1781,  Herschel  was  examining  small 
stars  in  the  constellation  of  Gemini  with  one  of  his  tele- 
scopes of  a  little  more  than  six  inches  in  diameter,  when  he 
perceived  one  that  appeared  "visibly  larger  than  the  rest." 
This  proved  to  be  a  new  world,  now  known  as  Uranus. 
The  discovery  led  in  the  following  year  to  his  appointment 
as  astronomer  to  the  king,  George  HI,  with  a  salary  sufii- 
cient  to  enable  him  to  devote  his  whole  time  to  astronomy. 

One  of  the  fruits  of  this  increased  leisure  was  the  construc- 
tion of  a  telescope  far  more  powerful  than  had  been  dreamed 
of  by  his  predecessors,  namely,  a  tclesco])e  four  feet  in  diam- 
eter and  forty  feet  in  length.  Commenced  in  1785,  Herschel 
dated  its  completion  as  Aug.  28,  1781),  when  he  discovered 
by  its  means  a  sixth  satellite  of  Saturn  and,  less  than  a 
month  later,  a  seventh,  even  closer  to  the  planet  and  smaller 
than  the  sixth.  We  may  regard  this  achievement  as  mark- 
ing the  limit  of  progress  in  the  reflecting  telescope,  for  al- 
though at  least  one  as  large  is  now  in  use,  and  one  even  half 
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as  large  again  has  been  constructed,  it  is  more  than  doubtful 
whether  they  were  ever  as  perfect  as  Herschel's  at  its  best. 
There  has  been  one  improvement,  however,  in  the  reflect- 
ing telescope  since  the  time  of  Herschel  which  ought  not  to 
be  left  unnoticed  here,  namely,  that  of  replacing  the  heavy 
metal  mirror  by  one  of  glass,  made  even  more  highly  reflect- 
ive than  the  old  mirrors  by  a  thin  coating  of  silver  dejjos- 
ited  by  chemical  methods  upon  the  polished  glass.  The 
great  advantage  of  this  modern  form  of  reflector  lies,  not  so 
much  in  the  greater  lightness  and  rigidity  of  the  material  as 
in  that  the  surface  when  tarnished  can  be  renewed  by  the 
simple  process  of  replacing  the  old  silver  film  by  a  new  one ; 
whereas,  in  the  metal  reflectors,  a  tarnished  surface  required 
a  repetition  of  the  most  difficult  and  critical  portion  of  the 
whole  process  of  construction.  The  construction  is  also  so 
comparatively  simple  that  an  efficient  reflector  is  far  less  ex- 
pensive than  are  refracting  telescopes  of  like  power,  so  that 
this  may  be  regarded  as  particularly  the  amateur's  tele- 
scope. On  the  other  hand,  such  telescopes  are,  like  their  pre- 
decessors, extremely  inconstant,  and  the\'  require  much  more 
careful  attention  to  keep  them  in  working  order.  It  is  for 
these  reasons,  doubtless  that  silver-on-glass  reflectors  have 
done  so  little  for  the  advancement  of  astronomical  discovery. 
In  astronomical  photography,  however,  they  promise  to  do 
much,  and  indeed  at  the  present  date  by  far  the  best  photo- 
graphs we  have  of  any  nebulae  have  been  made  by  Mr.  Com- 
mon's magnificent  reflector  of  three  feet  in  diameter,  and  by 
the  twenty  inch  reflector  of  Mr.  Roberts. 

We  must  g,o  back  now  to  a  quarter  of  century  before 
Herschel  discovered  the  new  planet — to  the  very  year,  indeed 
when  that  great  astronomer  first  set  foot  on  English  soil — in 
order  to  trace  the  history  of  another  form  of  telescope  which 
has  remained  unrivaled  for  the  last  half  century  in  the  more 
•difficult  fields  of  astronomical  research,  and  which  to-day 
finds  its  most  perfect  development  in  the  instruments  at  Mt. 
Hamilton,  at  Pulkowa,  at  Vienna  and  at  Washington. 

Newton  had  declared  that,  as  a  result  from  his  experi- 
ments, separation  of  white  light  into  its  constituent  colors 
was  an  inevitable  accompaniment  of  deviation  by  refrac- 
tion, and  consequently  the  shortening  of  the  unwieldy  re- 
fractors was  impracticable.    The  correctness  of  the  experi- 
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ments  remained  unquestioned  fur  nearly  a  century,  but  a 
famous  German  mathematician,  Huler,  did  question  his  con- 
clusion. His  argument  was,  that  since  the  eye  does  produce 
colorless  images  of  white  objects,  it  might  be  possible  by  the 
proper  selection  of  curves  to  so  combine  lenses  of  glass  and 
of  water  as  to  produce  a  telescope  free  from  the  color  defect. 
Although  Euler's  premise  was  an  error,  since  the  eye  is  not 
free  from  dispersion,  his  efforts  had  the  effect  of  leading  to 
much  more  critical  study  of  the  phenomena  involved.  In  this 
John  Dolland,an  English  optician,  met  with  brilliant  success. 
Repeating  an  experiment  of  Newton's  with  a  prism  of  water 
opposed  by  a  prism  of  glass,  he  found  that  deviation  of 
light  could  be  produced  without  accompanying  dispersion 
into  prismatic  colors.  More  than  this,  he  found  that  the 
two  varieties  of  glass,  then  as  now  common  in  England, — 
crown,  or  common  window  glass,  and  flint  glass,  which  is 
characterized  by  the  presence  of  a  greater  or  less  quantity  of 
lead  oxide, — possessed  ver\^  different  powers  in  respect  to  dis- 
persion. Thus,  of  two  prisms  of  these  two  varieties  of 
glass  which  would  deflect  the  light  by  the  same  angle,  that 
made  of  flint  glass  would  form  a  spectrum  nearly  twice  as^ 
long  as  the  other.  Hence,  if  a  prism  of  crown  glass  deflect- 
ing a  transmitted  beam  of  light  say  ten  degrees,  were  com- 
bined with  one  of  flint  glass  which  would  deflect  the  beam 
of  light  five  degrees  in  the  opposite  direction,  there  would 
remain  a  deflection  of  five  degrees  without  division  into 
color.  It  also  follows  that  a  positive  lens  of  crown  com- 
bined with  a  negative  lens  of  flint  of  half  the  power  would 
yield  a  colorless  image.  Such  combinations  of  two  different 
substances  are  called  achromatic  systems. 

It  is  a  singular  fact,  worth  noting  in  passing,  that  more 
than  twenty  years  before  DoUand's  success,  Mr.  Chester 
More  Hall  had  invented  and  made  achromatic  telescopes, 
but  this  remained  unknown  to  the  world  of  science  until 
after  Dolland's  telescopes  became  famous. 

For  a  long  time  this  ingenious  invention  remained  fruitless- 
for  astronomical  discovery,  though  they  were  early  a])plied 
to  meridian  instruments,  on  account  of  the  inii)()ssibility  of 
uecuring  Hufficiently  large  and  i)erfect  ])ieces  ot  glass,  more 
particularly  of  flint  glass.  Not  until  after  the  beginning  of 
thiHccnturv  was  anv  real  advance  in  this  branch  of  the  arts 
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exhibited.  Even  then  success  appeared,  not  in  England  or 
France  where  most  strenuous  efforts  had  been  made  to  im- 
prove the  quahty  of  optical  glass,  but  in  Switzerland. 
There  a  humble  mechanic,  a  watch-maker  named  Guinaud, 
spent  many  years  in  efforts,  long  unfruitful,  to  make  large 
pieces  of  optical  glass.  What  degree  of  success  he  attained 
there  during  twenty  years  of  experiment,  we  do  not  know, 
though  from  the  fact  that  during  that  peroid  good  achromat- 
ic telescopes  of  more  than  five  inches  in  diameter  were  un- 
known, we  must  conclude  that  his  success  was  limited.  In 
1805  he  joined  the  optical  establishment  of  Fraunhofer  and 
Utzschneiden  in  Munich.  Here  he  remained  nine  years  and 
with  the  increased  means  at  his  disposal  and  the  aid  of 
Fraunhofer,  he  perfected  his  methods  so  far  that  the  produc- 
tion of  large  disks  of  homogeneous  glass  became  only  a 
matter  of  time  and  cost;  that  is  to  say,  all  of  the  large 
pieces  of  optical  glass  which  have  since  been  produced, 
whether  in  Germany,  France,  or  England,  have  been  made 
by  direct  heirs  of  the  practical  secrets  of  this  Swiss  watch- 
maker. 

Fraunhofer  was  a  genius  of  a  high  order.  Although  he 
died  at  the  early  age  of  thirty-nine,  he  had  not  only  brought 
the  achromatic  telescope  to  a  degree  of  optical  perfection 
which  made  it  a  rival  of  the  most  powerful  of  the  reflector 
type,  and  so  far  improved  its  method  of  mounting  that  his 
system  has  replaced  all  others,  but  he  also  made  some  capi- 
tal discoveries  in  the  domain  of  physical  optics.  His  great 
achievement  was  the  construction  of  an  archromatic  tele- 
scope, nine  and  six-tenth  inches  in  diameter,  with  which  the 
elder  Struve  made  at  Dorpat  his  remarkable  series  of  dis- 
coveries and  measurement  of  double  stars.  The  character  of 
Struve's  work  demonstrates  the  excellence  of  the  telescope 
and  shows  us  that  it  is  to  be  ranked  as  the  equal  of  all  but 
the  very  best  of  its  predecessors.  Indeed,  it  may  fairly  be 
concluded  that  not  more  than  one  or  two  telescopes,  and 
those  made  and  used  by  Herschel,  had  ever  been  of  greater 
power,  while  in  convenience  for  use  the  new  refractor  was 
vastly  superior. 

For  a  long  time  Fraunhofer  and  his  successors,  Merz  and 
Mahler,  from  whom  the  great  telescopes  of  Pulkowa  and  of 
the  Harvard  Observatory  were  procured,    remained  unri- 
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valed  in  this  field  of  optics.  But  they  have  been  followed  by 
a  number  of  skilful  constructors  whose  products  have,  since 
the  middle  of  the  century,  been  scattered  all  over  the  world. 
In  Germany,  Steinheil  and  Schroder;  in  France,  Canchois, 
Martin  and  the  Henry  brothers;  in  England,  Cook  and 
Grubb ;  and  in  this  country  the  Clarks  and  Brashear,  each 
has  produced  one  or  more  great  telescopes  which  has  ren- 
dered his  name  familiar  to  all  readers  of  astronomical,  his- 
tory. Of  these  the  Clarks,  father  and  son,  have  bej'ond  a 
doubt  w^on  the  first  place,  whether  determined  by  the  char- 
acter of  the  discoveries  made  by  means  of  their  instruments 
or  by  the  fact  that  the  two  most  powerful  telescopes  in 
existence  were  made  by  them,  namel}^  the  new  refractor  of 
thirty  finches  in  diameter  at  Pulkowa  and  the  great  refrac- 
tor of  three  feet  diameter  of  the  Lick  Observatory-  in  Califor- 
nia. The  most  notable  discoveries  made  with  their  tele- 
scopes are  the  satellites  of  Mars  and  the  companion  to 
Sirius ;  but  besides  these  there  is  a  long  list  of  double  stars  of 
the  most  diflicult  character  discovered  b}-  the  makers  them- 
selves, b\'  Dawes,  in  England ;  by  Burnham,  in  our  own 
country,  and  by  a  number  of  other  observers. 

We  ought  not  to  terminate  our  review  of  the  development 
of  the  telescope  without  a  reference  to  the  parallel  develop- 
ment of  the  mounting  of  great  telescopes.  Indeed,  did  this 
not  lead  us  too  far  from  the  immediate  aim  in  view,  we 
might  find  a  great  deal  of  interest  and  be  brought  into 
agreeable  contact  with  some  of  the  cleverest  mechanicians 
and  engineers  of  two  centuries,  by  tracing  its  course.  We 
should  meet  with  Huyghens,  as  the  inventor  of  the  aerial 
telescope,  and  perhaps  consider  the  claims  of  his  contempo- 
rary Robert  Hook,  as  a  rival  inventor,  for  we  may  lie  sure  that 
nothing  which  brings  us  to  a  study  of  that  curious  and 
able  philosopher  would  fail  to  possess  interest.  We  should 
find  Herschel  confronted  with  the  ])roblem  as  to  how  he 
should  use  his  great  forty-foot  telescoi)e,  and  the  study  of 
his  solution  would  guide  us  in  valuing  the  results  of  the  sub- 
sequent efforts  of  Lasscl  and  Rosse.  The  same  line  of  study 
would  bring  us  to  (irubb's  clever  and  interesting  equatorial 
mounting  of  that  anachronism,  the  four  foot  Melbourne 
reflector.  Hut  we  should  find  nothing  of  very  notable  inter- 
est in  the  nuMniting  of  refractors,  .'ifter  the  time  of  Huyghens 
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and  Hook,  until  Fraunhofer  invented  a  t^'pe  of  mounting 
for  the  famous  Dorpat  equatorial  which  still  remains  in  its 
essential  features  as  the  type  in  universal  use.  With  the  in- 
crease in  size  of  the  telescopes  to  be  directed  towards  the 
heavens,  however,  the  number  and  complexity  of  the  me- 
chanical problems  to  be  solved  has  been  vastlj'  increased,  so 
that  they  have  taxed  the  best  powers  of  some  of  the  ablest 
mechanicians.  The  Repsolds  of  German}'  and  Sir  Howard 
Grubb  of  Dublin  have  specially  distinguished  themselves  in 
this  field  of  activity.  But  it  seems  to  me  that  none  have 
shown  greater  fertility  of  resources,  greater  skill  in  the  solu- 
tion of  every  problem  affecting  the  comfort  and  efficacy  of 
the  observer,  and  greater  taste  combined  with  accurate 
workmanship,  than  have  the  celebrated  firm  which  has 
mounted  the  telescope  at  Mt.  Hamilton  and  that  at  Carle- 
ton  College. 

We  come  now  to  a  consideration  of  the  present  state  of 
the  art  of  lens  making.  We  ask  why  such  a  very  large  pro- 
portion of  the  telescopes  in  existence  are  bad  ;  why  there 
was  a  time,  brief  it  is  true,  during  which  the  glass  maker 
was  certainly  in  advance  of  the  demands  of  telescope 
makers ;  and  why,  finally,  the  first  of  the  great  modern  ob- 
jectives was  in  the  hands  of  the  most  skilful  optician  in 
Great  Britain  for  seven  years,  and  even  then  this  maker 
asserted  that  it  was  incomplete. 

These  questions  cannot  be  answered  in  a  word,  but  we 
can,  at  least,  gain  much  in  perspicuity  by  recognizing  that 
the  reasons  are  of  two  distinct  kinds,  nameh',  purely  tech- 
nical and  theoretical,  and  by  regarding  them  briefly  in  suc- 
cession. 

The  art  of  lens  making  can  be  certainly  traced  back  to  the 
13th  century  though  the  methods  at  a  much  later  day  than 
that  were  so  rude  that,  as  we  have  seen,  Galileo  had  the 
utmost  difficulty  in  making  a  lens  good  enough  to  bear  a 
magnif\'ing  power  of  thirty  times.  At  the  present  daj-  there 
is  little  difficulty  in  selecting  a  spectacle  glass  which  would 
rival  that  most  famous  of  all  telescopes.  Not  until  after 
another  generation  of  effort  was  there  such  notable  im- 
provement in  the  technique  of  lens  making  that  further 
astronomical  discovery  was  possible.  The  reasons  for  this 
slow  progress  are  to  be  found  in  the  extremely  critical  re- 
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quirements  for  a  good  lens.  A  departure  by  a  fraction  of  a 
hundred-thousandth  part  of  an  inch  from  a  correct  geomet- 
rical surface  will  greatly  impair  the  performance  of  an 
objective.  But  even  at  this  day  the  limit  of  accurate  meas- 
urement may  be  set  at  about  a  one-hundred-thousandth  of 
an  inch,  while  it  is  quite  probable  that  ten  times  that  value 
was  vanishingly  small  to  the  artisans  of  a  centur}^  or  more 
ago.  It  was  necessar3^,  therefore,  to  devise  a  method  of 
polishing — for  it  is  a  comparatively  simple  matter  to  grind 
a  surface  accurately — which  should  keep  the  surface  true 
within  a  limit  far  transcending  the  range  of  measurements. 
Hu3^ghens  is  the  first  who  seems  to  have  done  this,  by 
polishing  upon  a  paste  which  was  formed  to  the  glass  and 
then  dried,  and  by  using  only  the  central  portion  of  a  large 
lens.  In  Italy  Campani  developed  a  system  which  he  most 
jealously  guarded  as  a  secret  until  his  death,  consisting  of 
polishing  with  a  drj-^  powder  on  papercemented  to  the  grind- 
ing tools.  This  method  still  survives  in  Paris  to  the  exclu- 
sion of  almost  all  others,  and  it  is  probably  the  best  for  work 
which  does  not  demand  the  highest  scientific  precision. 
.  Newton,  however,  was  the  first  to  introduce  a  method 
which  has  since  been  developed  to  a  state  of  surprising  deli- 
cacy. Casting  about  for  a  means  which  should  be  sufii- 
ciently  "tender",  to  use  his  own  expression,  for  polishing 
the  soft  speculum  metal,  he  fixed  upon  pitch,  shaped  to 
the  mirror  while  warm  as  a  bed  to  hold  the  polishing  pow- 
der. But  the  enormous  value  of  this  substance  lies  not  so 
much  in  the  comparative  immunity  which  it  gives  from 
scratching,  but  in  the  fact  that  under  slowly  changing  forces 
it  is  a  liquid,  but  under  those  of  short  duration  it  behaves 
like  a  hard  and  brittle  solid.  Thus  it  is  possible  to  slowly 
alter  the  shape  of  a  lens  while  polishing,  in  any  desired 
direction.  It  was  only  after  the  practical  recognition  of 
this  fact  that  really  excellent  lenses  were  much  more  than  a 
question  of  good  fortune.  The  perfecting  of  this  method 
belongs  without  doubt  to  the  English  of  the  last  century 
and  the  early  ])art  of  this.  In  the  IMnlosopicd  Transac- 
tions we  find  many  long  i)apers  relating  to  tills  art,  contril)- 
utcd  by  skilful  and  successful  amateurs.  We  may,  there- 
fore, regard  the  techni(|ue  of  the  art  of  lens  making  as 
praclically   roinplcte  at  the  middle  of  this  ccnUiry  and  as 
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common  property,  so  that  success  no  longer  depends  upon 
the  holding  of  some  special  or  secret  method. 

We  are  now,  after  this,  I  fear,  somewhat  dry  discussion  of 
a  necessary  point,  in  a  condition  to  explain  the  differences 
between  the  processes  pursued  by  most  telescope  makers 
and  that  of  the  maker  of  the  Carleton  College  telescope. 

This  is  the  ordinary  method :  After  securing  perfect  pieces 
of  glass,  crown  and  flint,  as  like  as  possible  to  those 
generally  used,  and  having  fixed  upon  the  general  shape  of 
the  lenses,  a  guess  is  made  as  to  the  proper  radii  of  the  four 
surfaces  to  determine  the  desired  focal  length  and  correc- 
tions both  for  color  and  spherical  aberration.  The  success 
of  this  guess  has  much  to  do  with  the  necessary  outlay  of 
labor,  and  therefore  past  experience  is  of  great  value  as  a 
guide.  After  working  the  four  surfaces  to  the  dimensions 
provisionally  adopted  so  far  as  to  admit  of  fairly  good  see- 
ing through  the  objective,  an  examination  of  the  errors  is 
made.  Should  the  errors  of  color  be  so  small  that  their 
final  correction  will  not  make  the  telescope  more  than  from 
three  to  ten  per  cent,  greater  or  less  than  the  desired  focal 
length,  the  crown  lens  will  probably  be  completed  in  accor- 
dance with  the  provisional  figures.  Then  the  flint  lens  will 
be  modified  in  such  a  direction  as  will  tend  to  correct  the  ob- 
served errors  of  color  and  figure,  until,  by  a  purely  tentative 
process,  the  color  error  is  practically  negligible  and  the 
error  of  figure  is  small.  Then  follows  a  process  when  the 
qualities  of  skill,  conscientiousness  and  perserveance  have 
full  scope.  This  process  first  introduced,  or  at  least  made 
public  by  Foucault,  is  known  as  local  correcting.  It  con- 
sists in  slowly  polishing  away  portions  of  the  lens  surfaces 
so  that  errors  in  the  focal  image  become  so  small,  not  that 
they  cannot  be  detected,  but  that  one  cannot  determine 
whether  they  are  on  the  one  side  of  truth  or  the  other. 
Local  correcting  has  always  seemed  to  me  to  be  eminently 
unscientific  and  unnecessary.  It  is  a  process  of  making 
small,  errors  which  ought  not  to  exist. 

Mr.  Brashear's  method  is  essentially  different  from  this. 
Before  the  glasses  are  touched  every  dimension  and  constant 
of  the  finished  objective  is  known  with  great  accuracy.  His 
whole  aim  is  to  make  the  surfaces  geometrically  perfect ;  and 
by  ingnious  polishing    machinery  which  embodies  twelve 
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years  of  his  thought  and  experience,  he  is  enabled  to  do  this 
with  truly  astonishing  exactness.  All  the  surfaces  which 
admit  of  investigation — usually  three  in  his  ordinary  con- 
struction— are  made  rigidh'  true  without  regard  to  the 
character  of  the  focal  image.  This  leaves  only  one  surface 
which  is  known  to  be  very  nearly  a  sphere  but  probabh' 
deviating  slightly  within  in  the  direction  of  a  prolate  or  ob- 
late spheroid.  A  glance  at  the  character  of  the  focal  image 
will  determine  this  point.  Then  the  polishing  machine  is 
adapted  to  bring  about  a  change  in  the  proper  direction 
and,  after  action  during  a  measured  interval  of  time,  the 
image  is  again  examined  and  from  the  observed  change  in 
character  the  necessary  time  for  complete  correction  by  the 
same  or  contrary  action  may  be  deduced.  It  will  be  ob- 
served that  by  this  means  it  is  quite  possible  to  correct 
errors  which  are  much  too  small  to  betray  their  nature, 
since  a  step  in  the  wrong  direction  carries  with  it  no  con- 
sequences of  the  slightest  moment,  since  any  step  may  be 
retraced. 

When  we  learn  that  Mr.  Brashear's  telescope  objectives 
have  always  had  a  focal  length  differing  only  from  one-tenth 
to  one  one-hundred  and  eightieth  of  one  per  cent,  of  the  value 
prescribed,  we  have  a  suggestion  of  the  success  of  his  efforts. 
But  adding  to  that  the  fact  that  he  is  absolutely  untram- 
melled by  purely  mechanical  considerations,  either  as  to  the 
shape  of  his  lenses  or  the  character  of  his  materials,  leaving 
these  questions  to  be  decided  alone  by  the  requirements  of 
the  astronomer,  it  seems  to  me  that  we  may  fairly  accord  to 
him  the  merit  of  the  most  important  improvements  intro- 
duced into  his  art  for  a  very  long  period. 

I  shall  not  venture  to  demand  much  of  your  time  in  con- 
sidering the  purely  theoretical  difficulties  in  telescope  con- 
struction, not  merely  because  the  subject  has  already  taxed 
our  patience,  but  because  it  would  be  of  almost  too  technical 
a  character  did  vvc  allow  ourselves  to  regard  anything  but 
the  most  general  features. 

The  obvious  re((uirements  arc  that  in  a  good  objective  the 
light  coming  from  a  point  in  the  object  should  be  concen- 
trated at  a  point  in  the  image;  but  this,  combined  with  a 
prescribed  focal  length,  may  be  reduced  to  three  conditions: 
fifHt,  a  fixed  focal  length;  second,  freedom  from  color  error; 
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third,  freedom  from  spherical  aberration  for  a  particular 
color  or  wave-length  of  light.  Now  let  us  catalogue  what 
provisions  we  have  for  satisfying  these  conditions.  They 
are,  four  surfaces,  which  must  be  spherical  but  may  have 
anj"^  radii  we  please,  the  two  thicknesses  of  the  two  lenses, 
and  the  distance  which  separates  the  lenses ;  that  is,  seven 
elements  which  maj'  be  varied  to  suit  our  requirements.  As 
a  matter  of  fact,  however,  on  account  of  the  cost  of  the 
material  and  the  fact  that  glass  is  perfectly  transparent, 
for  powerful  telescopes  we  must  make  the  lenses  as  thin  as 
possible ;  and  we  shall  fmd  also  that  separating  the  lenses 
introduces  errors  away  from  the  axis  which  are,  to  say  the 
least,  undesirable.  We  have  left,  therefore,  onh'  the  four 
radii  as  arbitrary  constants.  These  however  are  more  than 
enough  to  meet  the  three  requirements.  To  make  the  prob- 
lem determinate  we  must  add  another  condition.  The 
suggestion  of  this  fourth  condition  and  carr\'ing  the  prob- 
lem to  its  solution  is  the  work  of  the  great  mathematicians 
who  have  directed  their  thought  to  it.  Clairault  proposed 
to  make  the  fourth  condition  that  the  two  adjacent  surfaces 
should  fit  together  and  the  lenses  be  cemented.  This  condi- 
tion would  be  doubtless  of  great  value  were  it  possible  to 
cement  large  lenses  without  changing  their  shapes  to  a 
degree  which  would  quite  spoil  their  performance.  Sir  John 
Herschel  published  a  very  important  paper  in  1821  in  which 
he  made  the  fourth  condition  that  the  spherical  aberration 
should  vanish  for  objects  at  a  very  great  distance  but  also 
for  those  at  a  moderate  distance.  In  this  paper  he  com- 
puted a  table,  afterwards  greatly  extended  by  Professor 
Baden  Powell,  for  the  avowed  purpose  of  aiding  the  practi- 
cal optician.  It  was  this  feature  undoubtedly  which 
brought  his  construction,  not  at  all  a  good  one  as  we  shall 
see,  into  more  general  use  than  any  other  for  some  time. 
But,  as  all  Herschel's  tables  were  derived  from  calculations 
which  wholly  disregard  the  thickness  of  the  lenses,  I  am 
quite  unable  to  see  how  they  could  have  been  of  any  mater- 
ial aid,  and  am  inclined  to  suspect  that  the  discredit  with 
which  opticians  have  received  the  dicta  of  mathematicians 
concerning  their  instruments  may  have  been  due  in  part  to 
this  very  fact.  It  is  a  singular  fact  for  which  I  have  in  vain 
sought  the  explanation  that  Fraunhofer's  objectives  are  of 
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just  such  a  form  as  to  comph-  with  the  Herschelian  solution 
although  the\'  must  have  been  made  quite  independently. 

Gauss  made  the  fourth  condition  that  another  color  or 
wave-length  of  light  should  be  also  free  from  spherical  aber- 
ration. This  seems  to  have  been  a  tour  de  force  as  a  mathe- 
matician, not  as  a  sober  suggestion  of  an  improvement  in 
construction,  for  in  point  of  fact  the  construction  is  very 
bad.  It  was  generally  believed  that  this  condition  could 
not  be  fulfilled,  therefore  Gauss,  who  was  particularly  fond 
of  doing  what  all  the  rest  of  the  world  believed  impossible, 
straightway  did  it.  There  has  been  only  one  effort  to  carry 
out  this  suggestion  of  Gauss,  and  that  forty  years  later  by 
Steinheil,  but  it  proved  a  disappointment.  A  much  larger 
objective  made  by  Clark  a  few  years  ago  of  the  general  form 
of  Gauss's  objective  probably  does  not  meet  the  Gaussian 
condition — at  least  this  condition  is  extremely  critical  and  I 
believe  it  is  not  asserted  that  the  objective  was  ever  thor- 
oughly investigated.    It  has  been  the  father  of  no  others. 

It  is  hardly  surprising,  since  none  of  these  forms  have  any 
real  merit,  that  the  practical  optician  has,  following  the  line 
of  least  resistance,  adopted  a  form  which  costs  him  less 
labor  than  those  heretofore  mentioned  and  is  quite  as  good. 
By  making  the  curve  eqtii-convex  the  trouble  and  expense  of 
making  one  pair  of  tools  is  saved,  although  this  would 
hardly  appear  a  satisfactory  reason  for  choice  of  a  particu- 
lar form  to  the  astronomer,  who  simply  demands  the  best 
possible  instrument  of  research. 

The  reason  for  so  much  futile  work  on  the  theory  of  the 
telescope  objective  is  not  far  to  seek.  It  had  always  been 
tacitly  assumed  that  the  condition  of  color  correction,  one 
of  those  which  serves  to  determine  the  values  of  the  arbi- 
trary constants,  was  readily  determinable — in  fact,  one  of 
the  flonnc  of  the  i)roblem,  whereas,  it  is  just  this  datum 
which  has  offered  peculiar  difficulties.  Fraunhofer  brought 
all  the  resources  at  the  command  of  a  genius  to  bear  u]K)n 
this  i)oint,  and  frankly  failed  .'ilLliougli  in  the  effort  he  made 
a  splendid  discovery  which  has  assured  a  i)ermanence  to  his 
fame  no  less  than  that  of  the  history  of  science  itself— the 
discovery  of  the  (lark  or  I'^raunhofcr  lines,  in  solar  and  stel- 
lar spectra.  Gauss  proposed  the  condition  that  the  best  ob- 
jective is  that  which  i)r()duces  the  most  perfect  concentra- 
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tion  of  light  about  the  place  of  the  geometrical  image  of  a 
point,  just  as  the  best  rifle  practice  is  that  which  produces 
the  maximum  concentration  of  hits  about  the  center  of  the 
target.  That  this  is  a  false  guide  appears  at  once  from  the 
consideration  that  if  we  take  even  as  much  as  ten  per  cent, 
of  the  light  from  an  object  and  diverted  from  the  image  so 
far  that  it  cannot  be  found  the  telescope  may  still  be  prac- 
ticalh'  perfect;  all  of  Herschel's  did  much  worse  than  this. 
But  if  you  take  that  same  ten  per  cent,  and  concentrate  it 
very  close  about  the  image,  the  telescope  will  be  absolutely 
worthless. 

The  true  difficulty  with  most  of  the  theorists  is  this  :  There 
is  no  recognition  of  the  relative  weight  or  importance  of  un- 
avoidable errors.  The  optician  is  confronted  at  the  very 
outset  by  the  fact  that  absolute  elimination  of  color  error  is 
impossible  for  certain  physical  reasons  which  we  have  not 
time  for  considering  farther.  He  can  reduce  the  color  error 
of  the  old  single  lens  type  of  telescopes  hundreds  of  times, 
and  hence  the  length  of  the  telescope  tens  of  times.  It  is 
this  fact  which  prevents  the  still  farther  shortening  of  tele- 
scopes, which  keeps  the  ratio  of  length  to  diameter  not  less 
than  fifteen  to  one  in  large  telescopes.  This  restriction  be- 
ing recognized  let  us  revise  our  limiting  conditions.  They 
now  become,  first,  fixed  focal  length  ;  second,  best  color  cor- 
rection ;  third,  freedom  from  spherical  aberration  for  a  par- 
ticular wave-length  of  light.  We  therefore,  have  still  one  ar. 
bitrary  constant  undetermined.  How  shall  we  fix  its  value 
and  thus  solve  the  problem  completely  ?  Surely  there  is 
only  one  rational  guide.  Consider  the  residual  errors  and 
make  the  fourth  condition  such  as  to  reduce  these  errors  as 
far  as  possible.  Now  the  only  remaining  errors  are  second- 
ary color  error,  and  spherical  aberration  for  colors  other 
than  that  for  which  it  is  eliminated,  or,  more  scientifically, 
chromatic  difference  of  spherical  aberration.  Which  of  these 
is  the  gravest  defect  ?  Our  answer  must  depend  upon  the 
use  to  which  the  objective  is  to  be  put.  If  it  is  a  high  power 
microscope  objective  it  is  certainly  the  second.  If  it  is  an 
objective  to  be  used  for  photographing  at  considerable  an- 
gular distances  from  the  axis,  our  question  loses  its  physical 
significance  since  we  have  excluded  the  consideration  of  ex- 
centric  refraction.    But  if  the  objective  is  to  be  for  a  visual 


354  The  Sidereal  Messenger. 


telescope  there  is  no  question  that  the  defect  of  secondary 
color  error  is  indefinitely  the  most  serious.  Our  fourth  and 
determining  condition  must,  therefore,  be  better  color  cor- 
rection. 

These  are,  therefore,  the  considerations  which  have  served 
as  guides  in  the  construction  of  the  Carleton  College  objec- 
tive. First,  the  selection  of  the  materials  which,  in  the  pres- 
ent condition  of  the  art  of  optical  glass  making,  possess  in 
the  highest  degree  the  desired  physical  properties.  Second, 
a  general  discussion  of  every^  possible  combination  of  these 
tw^o  pieces  of  glass  and  a  selection  of  the  forms  which  j-ield 
the  best  attainable  results.  This  conscientious  strife  after 
scientific  perfection,  the  unexcelled  skill  with  which  the  re- 
sults of  analysis  have  been  interpreted  into  the  realit\'  of 
substance,  the  gratifying  identity  of  predicted  and  realized 
values  of  physical  characteristics — all  of  these  have  led  some 
of  those  who  have  watched  the  growth  of  this  new  instru- 
ment of  research  with  the  most  solicitous  attention  to  the 
belief  that  although  not  the  most  powerful  in  existence  it 
may  well  be  the  most  perfect  great  telescope  yet  made.  Let 
us  therefore  congratulate  the  possessors  of  this  noble  instru- 
ment, wish  them  God  speed  in  their  search  after  knowledge, 
while  we  remind  them  that  although  no  astronomer  can 
ever  make  another  discovery  which  will  rival  that  made  bN' 
the  insignificant  tube  first  directed  towards  the  heavens  by 
the  Paduan  philosopher,  yet  no  mind  can  weigh  the  impor- 
tance of  any  truth,  however  trivial  in  appearance,  which 
may  be  added  to  that  store  which  we  call  science. 

Appendix  will  appear  in  Observatory  Publication,  No.  3. 


THE  WILLIAMS  TELESCOPE  OF  GOODSELL  OBSERVATORY. 


The  new  Williams  equatorial  tclcscojic  has  its  name  as  n  memorial  to 
Mr».  Cordelia  Hailey  Williams  late  wife  of  Dr.  lulwartl  H.  Williams,  of 
Philudcphia,  who  k<-'"«-'>'""s1>-  provided  the  money  for  the  purchase  of  the 
same,  amounting  to  $ir>,()()0. 

The  clear  ai)ertiire  of  the  object-Kfass  of  the  tclcscoiK  is  16.2  inches;  itB 
focal  length  is  '22  feet  and  its  working  powers  range l>et ween  \'M\  and  1,(500 
diameters.  Theory  claims  that  100  diameters  to  the  inch  of  diameter  of 
the  ohject-Klnss  is  the  highest  that  a  telescoiK:  will  hear.  This  new  instrn- 
inetit,  under  a  ])ower  of  1,000,  gives  good  images  of  stard.  in  the  best 
'secinj;'  and  easily  separates  surjjrisingly  close  double  stars.  Definite  re- 
sults of  work  in  this  kind  will  soon  be  j»ublislied  tliat  others  may  judge  of 
its  character. 
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The  computations  for  the  curves  of  the  objective  were  made  by  Dr.  C. 
S.  Hastings,  of  Yale  University,  New  Haven,  Conn.,  on  a  new  plan,  and  it 
is  the  largest  glass  that  has  ever  been  figured  by  the  new  method.  His 
method  is  radicall3'  different  from  all  others  now  in  use.  It  is  based  on  a 
careful  and  exhaustive  study  of  the  kinds  of  optical  glass  that  can  be  pro- 
cured anywhere  abroad,  in  order  to  determine  what  qualities  of  glass 
would  fulfill  the  best  conditions  for  color  correction  that  images  seen 
through  the  telescope  should  be  true  and  colorless,  as  far  as  possible. 
After  a  full  discussion  of  all  the  available  combinations  of  the  different 
grades  of  crown  and  flint  glass,  involving  laborious  computations,  it  was 
decided  to  use  for  the  Williams'  objective  a  certain  grade  of  crown  glass 
obtained  from  Mantois  in  Paris,  and  a  particular  kind  of  flint  glass  secured 
from  the  works  of  Schott  &  Co.,  Jena,  German3^  In  this  new  instrument 
the  per  cent,  of  merit  for  color  correction  and  blackness  of  field  is  claimed 
by  the  makers  to  be  much  higher  than  that  of  any  other  process  of  con- 
struction now  in  use.  The  figures  of  comparative  merit  on  color  correction 
in  the  four  important  modes  of  object-glass  making,  viz.:  that  of  Gauss, 
Herschel,  equi-convex  and  Hastings,  are  respectively  1.00;  1.61  ;  1.61  and 
2.11 ;  figures  and  names  to  be  taken  in  the  order  given.  It  appears  that 
the  Hastings'  method  is  more  than  30  per  cent,  higher  in  merit  than  the 
best  previoush'  known.  A  full  statement  of  the  results  of  the  computa- 
tions by  which  these  figures  of  merit  are  reached  are  already  in  hand  and 
will  soon  be  published. 

The  grinding  and  polishing  of  the  lenses  were  given  to  J.  A.  Brashear, 
Allegheny  City,  Pa.,  to  whom  there  is  not  a  su|)erior  in  the  world,  as  a 
maker  of  perfect  surfaces  either  plane  or  curved.  An  instance  of  his  skill 
is  shown  in  his  making  four  curved  surfaces  12  inches  in  diameter  on  two 
discs  to  work  together  on  a  focal  length  of  18  feet  and  to  come  out  within 
five  one-hundredths  of  an  inch  of  the  focal  length  predicted.  Dr.  Hastings 
said :  "  I  do  not  believe  there  is  another  man  in  the  world  who  could  have 
done  that."  As  far  as  our  tests  have  gone,  the  Hastings-Brashear  glass 
for  the  Williams  telescope  is  equallj'  jierfect. 

The  mounting  of  this  instrument  was  done  bj'  Messrs.  Warner  & 
Swasey,  Cleveland,  Ohio,  and  its  general  apjiearance  is  the  same  as  that 
of  the  Lick  telescope.  The  driving  clock  is  also  of  the  same  pattern  and 
provided  with  electrical  attachment  that  acts  as  a  control  tor  an^-  rate  of 
movement  desii-ed  by  the  observer.  The  right  ascension  clock,  electric 
lamps,  glasses  and  other  conveniences  for  setting  the  telescope  and  reading 
the  circles  are  all  that  could  be  desired  but  the  arrangements  for  slow  mo- 
tions of  the  telescope  are  the  best  we  have  ever  seen. 

Telescope  Goodsell  Observatory,  Carleton  College  (Apertue  16.2  Inches). 

Weight  of  Tube 725  lbs. 

"      "        "     including  all  parts  attached  except  declination 

axis 1300  " 

Declination  Axis 350  " 

"             "     including  circles,  extension,  balance  weight,  etc.  700  " 

Total  weight  moved  in  declination  1300  -f  700 2000  " 

Weight  of  polar  axis  with  circles  and  gears 725  " 
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Weight  of  polar  axis  with  circles  and  gear,  declination  sleeve  and 

attachments 1650  lbs. 

Total  weight  moved  with  polar  axis  2000  +  1650  equals 3650  " 

Weight  of  Clock 160  " 

Clock  Weights... 400  " 

Weight  of  column  and  all  stationary  parts,  etc 9500  " 

Total  weight  of  Telescope 12700  " 

The  new  universal  spectroscope  by  Mr.  Brashear  is  arranged  to  be  at- 
tached to  the  telescope  for  study  of  the  physical  characteristics  of  the  celes- 
tial bodies,  or,  equally  well  for  use  in  the  physical  laboratory.  It  is  provided 
with  electric  lamp  attachments  for  comparison  spectra  and  measurements, 
photographic  apparatus,  prisms  and  grating.  This  fine  instrument  is 
adapted  tp  a  very  wide  range  of  work  in  the  delightful  fields  of  the  "  New 
AstroncAny  "  that  is  claiming  so  much  of  the  attention  of  scientists  at  the 
present  time. 
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For  The  Messenger. 
Adolph  (Carl)  [1838-90]. 
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Hale  (G.  E.)    Note  on  solar  prom- 
inence    photography.       Astron. 
nachr.  126  :  81.    1890. 
Refraction. 
Jacoby(H.)     Correction  of  micro- 
metric  measures    for    refraction. 
Month,  not.  51  :  78-93.    1890. 
Satellites. 

j  Weyer  (G.  D.  E.)  Bahnen  der  plan- 
I  etenmondein  bezugauf  die  Sonne. 
I  Astron.  nachr.  126 :  97-108. 1890. 
!  Saturn. 

I  Hall  (A.)  Thickness  of  Saturn's 
!  ring.  Astron.  jour.  10:  41.  1890. 
j  Hall  (A.)  jr.  Determination  of  the 
orbit  of  Titan  and  the  mass  of 
Saturn.  Trans,  astron.  obsry. 
[  Yaleuniy.  1 :  111-48  (y.l  pt. 2). 
I         1890. 

I     Stroobant  (P.)    Observations  de 
I         Saturnefaitesen  1890,ai'ohserv- 
atoire  de  Bruxellcs.   4  p.  1  pi.   8°. 
Bruxelles.  1890. 

Bull.  acad.  r.  de  Belg.    3.  s.  19,  no.  6 
Saturn  (Satellites  of). 
Strlve  (H.)    Vorlaufige  resultate 
aus  den  beobachtungen  der  Sat- 
urnstrabantcn  am  30  zolligen  re- 
fractor.    2  mittheilung  :  iiber  die 
bahnen  yon  Mimas  und  Encelad- 
us.     Astron.  nachr.  125  :  97-118. 
1890. 
Sirius. 
HrooLvs  (W.)  Spectre  photograph- 
ique    de    Sirius.    Conipt.    Rend. 
110:  1357.  1890. 
HiMjoiNS  (  \\.)ik.  Hror.iNs(A/rs.  W.) 
New  group  of  lines  in  the  jjhoto- 
graphic  si)eclrum  of  Sirius.    Sid. 
nu-ss.  9  :  31H.     1890. 
Societies  ( Astronomical). 
N[iksti:n?]  (L  )    Socict(?s  astrono- 
mi<iucs  et  Ics  astronomes  ama- 
teurs.   Ciel  et  tcrre,  11 :  329, 353. 
1890. 
Solar  system  (Motion  of)- 
Koiioi.D  (in     Ik-wcguugen  im  fix- 
slenisvslenio.   Astron.  nachr.  125 
:  65-72.     1890. 
Sti'mpI'  (O.)     lliitersnchungcn fiber 
die  bewcgiingdes  sonncnsystems. 
astron.    nachr.    125    :    385-42(5. 
189i». 
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Spectra  (Stellar). 

Deslandres  ( — )  Organisation  des 
recherches  spectroscopiques  avec 
le  grand  telescope  de  I'observa- 
toire  de  Paris.  Compt.  Rend. 
Ill  :  562.  1890. 
Spectrum  [Solar). 

CoR.NU  (A.)  Limite  ultra-violette 
du  s|iectre  solaire,  d'  apres  des 
cliches  obtenus  par  M.  le  Dr.  O. 
Simonv  au  sommet  du  pic  de 
T^n^riffe.  Compt.  Rend.  Ill  : 
9-il-7.  1890. 

Ja.nssen(J.)    Ascension  scientifique 
au  Mont-Blanc.     Ciel  et  terre,  11 
:  377,  401.     1890. 
Star-catalogues. 

Catalogue     of    644    comparison 
stars  .  .  .  bv  H.  C.  Wilson.    6  -f 
55  p.   4°.   Northfield,  1890. 
Pub.  Carleton  coll.  obsry.  1. 

Catalog  der  astronomischen  ges- 
ellschaft.  Erste  abtheilung.  Cat- 
alog der  Sterne  bis  zur  neunten 
grosse  zwischen  SO'^  nordlicher 
und  2°  siidlicher  declination  fiir 
das  aequinoctium  1875.  Drittes 
stiick.  Zone  -f  65°  bis  +  70° 
beobachtet  auf  der  stemwarte 
Christiania.  9  +  80  p.  4°.  Leip- 
zig, 1890. 

Catalog  der  astronomischen  ges- 
ellschaft.  Erste  abth.  4.  stuck. 
Catalog  von  14680  sternen  zwi- 
schen 54°  55'  und  65°  10'  nord- 
licher declination  .  .  .  fiir  das 
aequinoctium  1875,  nach  beo- 
bachtungen  .  .  .  auf  der  stern- 
warteder  universitat  Helsingfors 
in  den  jahren  1877  bis  1880,  .  .  . 
A.    Krueger.    4^^.     Leipzig,  1890. 

Catalog  der  astronomischen  ge- 
sellschaft.  Erste  abth.  14.  stuck. 
Catalogue  of  8241  stars  between 
0°  50'  and  5°  10'  of  north  declin- 
ation .  .  .  for  the  epoch  1875 
.  .  .  Dudley  ol)servatory  of  Al- 
bany, bv  L.  Boss.  4°.  LeiDzier. 
1890.     "  ^    ^ 

Thome  (J.  M.)  The  Cordoba 
Dnrchmusterung.  Astron.  jour. 
10  :  105-10.     1890. 

Wlnlock  (A.)     Meridian  circle  ob- 
servations of  stars  near  the  south 
pole.     Ann.  Harv.  coll.  obsrv.  18  : 
285-307  (v.  18,  no.  10.)  1890. 
Star-places. 

Go.N.NESsLXT (F.)  Asccnsionsdroitcs 
absolues  d'etoiles  circumpolaires. 
Bull,  astron.  7  :  198-204.     1890. 
Stars. 

Clekke     (A.     M.)     Dark     stars. 
y.  13  :  235.    1890. 


Stars  (Afot/on  of)  in  the  line  of  sight. 

Keeler  (J.  E.)  Motion  of  Arctu- 
rus  in  the  Hue  of  sight.  Pub.  as- 
tron. soc.  Pacific.  2  :  284.     1890. 

Maunder  (E.  \V.)  Motion  of 
Spica  in  the  line  of  sight.  Obsrv. 
13  :  238.     1890. 

VoGEL  (H.  C.)   Bahnbewegung  von 
a     Virginis.    il.    Astron.    nachr. 
125  :  305-16.     1890. 
Sun. 

Belopolskv     (A.)      Mouvements 
qui  s'observent  k  la  surface  du 
soleil.    Astron.  nachr.  125  :  251. 
1890. 
Sun  (  Rotation  of). 

DuNER  (N.  C.)  Sur  la  rotation  du 
soleil.     Stockholm,  1890. 

Fave  ( H. )  Nouvelles  dtudes  sur  la 
rotation  du  soleil.  Compt.  Rend. 
Ill  :  77-82.  Also  :  L' Astron.  9  : 
345-9.    1890. 

WiLSiNG      (J.)      Bemerkungen     zu 
zwei   aufsatzen   iiber  die    rotati- 
tion   der  sonne.     Astron.   nachr. 
125:  425.     1890. 
Sun-spots. 

Mau.nder  (E.  \V.)     Note    on    the 
sunspots  of  1888.    Month,  not. 
51  :  23-7.     1890. 
Sun    (Statistics   of   faculw,    promi- 
nences, spots,  etc.) 

Wolf  (R.)    Statistique  solaire  de 
Tannfe    1889.       Compt.     Rend. 
110:123      1890. 
Swarthmore  college  observatory. 

[Descriptio.n  of  the  observalorj'] 
il.    Ann.  cat.  Swarthmore   coll. 
1890-91  :20. 
Tables  (Astronomical). 

VON  Reijeur-Paschwitz  (E.)  Hiilf- 

staleln  zur  berechnung  der  paral- 

laxe  tiir  cometen    und    planeten 

Ijeobachtungen.  Karlsruhe,  1890? 

Tananarivo  observatory. 

[Descru'TIo.n  de  I'observatoire]  il. 
L'Astron.  9  :  268.     1890. 
Time  (Determination  of). 

DoLLK.N  (W.)  Stern-epheraeriden 
auf  das  jahr  1891  zur  bestimmung 
von  zeit  und  azimut  mittelst 
des  tragbaren  durchgangsinstru- 
ments  im  verticale  desjjolar- 
sterns.  474-  48  p.  8".  St.  Peters- 
burg, 1890. 
Time  [Standard). 

L'u.MFiCATio.N  des  heures.  Ciel  et 
terre,  11  :  301-13.     1890. 

Pasquier  (E.)  Le  "temps  univer- 
sel"dansle  syst^me  des  fuseaux 
horaires.  Ciel  et  terre,  11  :  97- 
111.     1890. 
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Tycho  Brahe. 
Dreyer  (J.  L.  E.)    Tycho  Brahe,  a 
picture  of  scientific  life  and  work 
in  the  I6th  centurv.    Edinburgh, 
1890. 
U.  S.  Naval  observatory. 
Hall  (A.)    Latitude  of  the  naval 
observatory.     Astron.  jour.  10  : 
57.    1890. 
Report  of  the  superintendent  .  .  . 
1890,  June  30.    Kept.    Sec.  Navy 
1890  :  92-103, 
Also,  Reprint. 

Urania  gesellschaft. 
Meyer  (M.  W.)     [Account  of  the 
founding  of]   the  Urania   Gesell- 
schaft. il.     Pub.  astron.  soc.  Pa- 
cific, 2  :  143-52.     1890. 

Variable  stars. 
Cha.xdler  (S.  C.)  Contribi  tions 
to  the  knowledge  of  the  inequali- 
ties in  the  periods  of  the  variable 
stars.  Astron.  jour.  10  :  103. 
1 890. 


Sch6nfeld{E.)     Ephemeriden  ver- 
anderlicher     sterne     fiir     1891. 
Vrtljschr.    d.    astron.    gesellsch. 
25  :  227-4-0.     1890. 
Vatican  observatory. 
Dexza     (F.)     Specula     Vaticana. 
Astron.  nachr.  125  :  47.     1890. 
Venus. 
ScHiAPARELLi  (G.  V.)     [Rotation 
de]   la  plaente    V^nus.   il.    L'as- 
tron.  9  :  285,  325.     1890. 

Considerations    sur  le  mode 

de  rotation  de  la  planete  V^nus. 
Ciel  et  terre.  11  :  49,  125,  183, 
214.  259      1890. 

Transl.    from  ;  Rend.    d.  r.   istit. 
Lombard.  2.  s.  v.  23. 

Zodiacal  light. 
Skarle  (A.)  Observations  of  the 
zodiacal  light  made  at  Harvard 
college  oliservatorv.  Astron- 
nachr.  124:  405.  1890. 
Wright  (A.  W.)  The  zodiacal 
light.     Forum  10  :  22(>-36.  1890. 


CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  will  be  at  greatest  elongation  east  from  the  sun,  27^  25',  on 
Aug.  16,  when  he  will  be  visible  to.  the  naked  eye  for  a  short  time  after  sun. 
set.  He  will  he  at  inferior  conjunction  with  the  sun  Sept.  12.  at  midnight 
and  at  greatest  elongation  west,  17°  53',  Sept.  2^. 

Venus  is  too  nearly  in  line  with  the  sun  to  be  seen  well.  Venus  and 
Mars  will  be  in  conjunction  .\ug.  22  at  2  a.  m.,  the  apparent  distance  be- 
tween the  two  planets  being  less  than  one  minute  of  arc  Venus  and  Saturn 
will  lie  in  conjunction  Sept.  14  at  5''  32'"  p.  .M.,  Venus  being  then  32'  south 
of  Saturn.  Venus  will  be  at  superior  conjunction  with  the  sun  Sei)t.  18,  at 
9''06'"  A.  M.  The  planet  will  then  be  1°  17'  north  of  the  sun.  This  will  be  a 
good  time  to  make  observations  on  thecrescent  of  light  about  the  iilanet,to 
see  if  it  extends  more  than  180"  around  the  planet's  disk.  The  observation^ 
previously  made  indicate  that  the  crescent  can  be  seen  to  extend  about 
three-fourths  of  the  circumference  of  the  disk  and  on  one  occasion  Professor 
Lyman  was  able  to  distinguish  the  comi)lcte  circle.  Tiiis  would  indicate 
that  the  planet  has  an  atmosphere  of  considerable  density. 

L'Aatronomic,  for  July,  1K91,  contains  an  article  on  sonic  recent 
observations  of  Venus,  illustrated  by  a  map  of  the  planet,  drawn  by  M. 
Niestcn,  of  Brussels,  from  drawings  made  by  M.  Stuyvnert.  M.  Nicsten 
arrives  at  a  different  conclusion  from  that  rcnchcd  by  Schinparelli  and 
thinks  that  the  jKriud  of  rotation  (KTivcd  by  Do  Vico,  23''20"',  is  nearly 
correct. 
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Mars  will  not  be  observable  during  the  remainder  of  the  year. 

Jupiter  is  at  his  best  position  for  this  year  during  August  and  Septem- 
ber. He  will  be  at  opposition  Sept.  5,  rising  then  at  half  past  six  in  the 
evening  and  setting  at  half  past  five  in  the  morning.  He  is  moving  slowlj' 
westward  among  the  stars  of  Aquarius  and  far  exceeds  them  in  brightness. 
That  brilliant  star  which  one  sees  a  little  south  of  east  in  the  evening  is  the 
planet  Jupiter.  He  is  a  sui^erb  object  in  the  telescope,  with  his  four  bright 
satellites  and  ruddy  colored  belts.  The  great  red  spot  is  more  conspicuous 
this  year  than  it  has  been  for  several  years.  It  has  the  same  shape  of  an 
oval  ring,  drawn  out  to  a  point  at  each  end.  The  color  is  a  bright  pink, 
decidedly  lighter  than  that  of  the  great  southern  belt.  The  central  area  is 
white.  The  spot  was  on  the  central  meridian  of  Jupiter  a  little  before  mid- 
night, Aug.  3. 

Saturn  is  so  nearly  in  line  with  the  sun  that  satisfactory  observations 
are  impossible.  This  is  much  to  be  regretted,  since  the  phenomena  attend- 
ant upon  the  disappearance  of  the  rings  will  be  wholly  hidden  by  the  solar 
rays  and  atmospheric  tremors.  Saturn  will  be  in  conjuuction  Sept.  13  at  7 
A.  M.  The  earth  will  i)ass  through  the  plane  of  the  rings  Sept.  22,  after 
which,  until  Oct.  30,  the  dark  side  of  the  rings  will  be  toward  the  earth. 

Uranus  is  getting  too  near  the  sun  to  be  observed. 

Neptune  is  coming  out  of  the  morning  twilight,  but  is  not  yet  in  good 
position  for  observation. 

.MERCTRV. 

Date.       R.  A.       Decl.       Rises.      Transits.         Sets. 
1891.      h   m         °  '     h  m        h   m  h  m 

Sept.  5 II  41.2  —  2  41  6  50  A.  M.  12  42.9  p.  "M.  6  36  P.M. 

15 II  10.4  -j-  2  27  5  20   "  II  32.8  A.M.  5  46   " 

25 II  06.0  -j-  6  17  421"  10  49.1  "  5  17  " 

Oct.   5 II  50.3  4-  3  07  4  38  "  10  54.0  "  5  10  " 

15 12  52.0  -  3  45  5  28  "  II  16.2  "  5  05  " 

VEXfS. 

Sept.  5 10  45.9  -f  9  21  5  07A.M.  II  47.7  A.M.  6  28  P.M. 

15 "  32.1  +  4  33  5  33  "  "  54-4  "  6  16  " 

25 12  17.7  —  o  29  5  59  "  12  00.0  P.  M.  6  02  " 

Oct.  5 13  03.4  -  5  32  6  25  "  12  06.9  "  5  49  " 

15 13  50.0  —  10  24  6  52  "  12  14.1  "  5  36  " 

MARS. 
Sept.      5 10    12.5  -f-  12    20  4   21   A.  M.  II    14.5  A.   M.  6  08   P.  M* 

15 10  36.6  -|-  10  01  4  16  "  10  59.2  "  5  43  " 

25 "  00-4  -f  7  37  4  10  "  10  43.6  "  5  17  •• 

Oct.   5 II  23.9  -f-  5  08  4  04  "  10  27.7  "  4  51  '♦ 

15 n  47-3  +  2  36  3  5«  "  10  11.6  "  4  25  " 

JUPITER. 

Sept.  5 22  59.6  —  8  03  6  28P.M.  II  59.3P.M.  5  31  A.M. 

'5 22  54.7  -  8  33  5  46  "  II  15.2  "  4  45  " 

25 22  50.2  —  9  00  5  04  "  10  31.4  "  3  59  " 

Oct.  5 22  46.3  —  9  22  4  22  "     9  48.2  "  3  14  " 

15 22  43.5  -  9  3^  3  41  "  9  06.0  "  2  31  " 

SATUR.N. 

Sept.  5 II  24.3  +  5  55  5  59  a.  m.  12  26.0  p.  m.  6  53  p.m. 

15 II  28.9  -f-  5  26  5  26  "  II  51.2  A.  M.  6  16  " 

25 II  33.5  +  4  57  4  54  "  II  16.5  "  5  39  '• 

Oct.   5 II  38.0  -f  4  29  4  21  "  10  41.8  "  5  03  " 

15 II  42.4  +  4  02  3  48  "  10  06.8  "  4  26  " 
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Date.  R.  A. 

1891  m 

Sept.    5 13  48.2 

15 13  50-0 

25 13  52.2 

Oct.      5 13  54-4 

15 13  56-7 

Sept.    5 4  30-5 

15 4  30.5 

25 4  30-3 

Oct.      5 4  29.8 

15 4  29.2 

Sept.    5 10  56.8 

15 II  32.8 

25 12  08.7 

Oct.     5 12  44.9 

15 13  21.7 

Sept.    3 22  00.0 

27 21  45.1 

Oct.    21 21  43.3 

Sept.    3 19  24.0 

27 19  24.6 

Sept.     3 21  24.5 

27 21  14.2 

Oct.    21 21  19.9 


Decl. 

—  10  37 

—  10  48 

—  10  00 

—  II   12 

—  II  25 

+  20  15 
+  20  14 

4- 20  13 
-l-  20  12 
-f-  20  10 


+ 


0  44 

2  57 

o  56 
4  50 
8  37 


-  27  44 

-  28  06 

-  26  52 

+  II  27 
-f    6  44 

+  6  49 
+  10  32 
+  12  51 


URANUS. 
Rises, 
h    m 

9  28  A.  M. 
8  52     " 

8  IS  *' 
7  39     " 

7  03     *' 

NEPTUNE. 
10   00  P.  M. 

9  21       " 

8  42  " 
8  02  " 
7  22     " 

THE  SUN. 

5   28  A.  M. 

5  39     " 

5  51     " 

6  03     " 

6  15     " 

CERES. 

7  07  p.  M. 

5  20    " 

3  37    " 

PALLAS. 

1  43  P- M. 
12   28      " 

JUNO. 

4  02  p.  M. 

2  01  " 
12   24      " 


Transits, 
h    tn 
2  49.5  P.  M. 

2  12. 1       " 

1  34-9  " 
12  57.8  " 
12  20.8     " 

5   29.3  A.  M. 
4  50.0      " 

4  »o.5     " 

3  30.7     " 

2  50.8    " 

II    58.6  A.  M. 

II    55.1  " 

II    51.6  " 

II   48.4  " 

II    45.8  " 

II    07      p.  M. 

9  18       " 
7  42 


8  32 

6  58 

10  32 
8  47 

7  19 


p.  M. 


Sets, 
h    m 
8    1 1    p.  M. 

7  32  " 
6  54  " 
6  16     " 

5  39     " 

12   58   p.  M. 
12    19      '* 
II    39   A.  M. 

10  59     " 

10  19     " 

6  30  p. M. 
6  II     " 

5  52  " 
5  34  " 
5  16    " 

3   07    A.  M. 

1  16      " 

11  47  P. M. 

3   21    A.  M. 

I    28      " 

5   02   A.  M. 

3  33 

2  14     " 


Configuration  of  Jupiter's  Satellites  at  10  p.  m.,  for  an  Inverting  Telescope. 


Sept.   1  210 

2  20 

3  341  O 

4  34  O 

5  432  O 

6  413  O 

7  4  O 
'8  4  1  2  O 
9  42  O 

10  4  I  3  O 

11  •  3  O 

12  3  2  O 

13  3  1   O 

14  O 

15  120 


3  4    Sept. 

1  43 
2 

2  n 
• 

2 

123 
3 

13 
2 
1  2 

4  • 
4  • 
1234 
34 


16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


2 

1  3 

3 

321 

432 

4 

412 

42 

41 

43 


26  3  4  2  1 

27  342 

28 

29  y  1 

30  2 


134 

24 

124 

4 

U 

132 

3 

1  3 

2  U 
1  2 

1 

1432 
4  3 
134 


Oct. 


1 

3 

321 

32 

• 

14 

42 

41 

43 


1 
2 
3 
4 
5 
6 
7 
8 
9 

1043  1  2 
11  432 
41 
4 
24 
•  1 


12 
13 
14 
15 


32  4 

124 

4 

14 

342 

23 

13 

23 

12 

1 

32 

123 

13 

34 


Phases  and  Aspects  of  the  Moon. 

Central  Time. 

(I  h  m 

New  Moon Sept.     3       2  16   a.  m. 

Apogee "         4        2  12    P.M. 

First  Ouarter "      11       5  08   a.  m. 

Pull  Moon "       17     11  04    p.m. 

I'tTiKcc "       18     12  24    am. 

IwiKi  (Jnnrtcr "      24       5  07    i'.  M. 

ApoKcc Oct.        J        3  48 

New  Moon.,... "         2        (5  58       " 

I'iiHi   oii.irter "       lO        4  57 


Current  Celestial  Phenomena. 


365 


Jupiter's  Satellites. 

Central  Time. 

Central  Time. 

h    m 

h    m 

Sept.     4 

1  31  A.  M. 

] 

[  Ec.  Dis. 

9  21     " 

II  Tr.  Eg. 

3  50     " 

] 

[  Oc.  Re. 

10  14     " 

II  Sh.  Eg. 

10  41  p.  M. 

] 

[  Sh. In. 

24 

8  05     " 

Ill  Tr.  In. 

10  43      " 

] 

[  Tr.  In. 

10  03     " 

Ill  Sh.  In. 

5 

12  46  A.  M. 

11 

Sh.  In. 

11  27     " 

Ill  Tr.  Eg. 

12  49    " 

11 

[  Tr.  In. 

25 

1  28  A.  M. 

Ill  Sh.  Eg. 

1  00    " 

] 

[  Sh.  Ef?. 

26 

3  55    •' 

I  Tr.  In. 

1  01    " 

] 

[  Tr.  Eg. 

27 

1  11     " 

I  Oc.  Dis. 

3  39    " 

I] 

[  Sh.  Eg. 

4  00    " 

I  Ec.  Re. 

3  40    " 

I 

[  Sh.  Eg. 

10  21  P.  M. 

I  Tr.  In. 

7  58  p.  M. 

] 

[  Oc.  Dis. 

10  54    " 

I  Sh. In. 

10  16    " 

] 

[  Oc.  Re. 

28 

12  39  A.  M. 

I  Tr.  Eg. 

6 

7  11    " 

I] 

[  Oc.  Dis. 

1  13     " 

I  Sh.  In. 

7  27    " 

] 

[  Tr.  Eg. 

1  54    " 

II  Oc.  Dis. 

7  29    " 

[  Sh.  Eg. 

5  49  p.  M. 

IV  Ec.  Re. 

10  03    " 

I 

[  Ec.  Re. 

7  38    " 

I  Oc.  Dis. 

11  51    " 

II 

[  Oc.  Dis. 

10  29     " 

I  Ec.  Re. 

7 

3  18  a.m. 

II 

[  Ec.  Re. 

29 

7  05    " 

I  Tr.  Eg. 

11 

3  16    " 

[  Oc.  Dis. 

7  42    " 

I  Sh.  Eg. 

6  24    " 

I\ 

'  Oc.  Dis. 

8  48    " 

II  Tr.  In. 

11  38  p.  M. 

I\ 

^  Ec.  Re. 

10  00    " 

II  Sh. In. 

12 

12  26  a.m. 

[  Tr.  In. 

11  40    " 

II  Tr.  Eg. 

12  36    " 

[  Sh. In. 

30 

12  52  A.  M. 

II  Sh.  Eg. 

2  44    " 

] 

[  Tr.  Eg. 

Oct.       1 

7  07  P.  M. 

II  Ec.  Re. 

2  55    " 

I  Sh.  Eg. 

11  25     " 

Ill  Tr.  In. 

3  05    " 

I 

[  Tr.  In. 

2 

2  05  A.  M. 

Ill  Sh. In. 

3  24    " 

I 

[  Sh. In. 

2  48    " 

Ill  Tr.  Eg. 

9  42  P.  M. 

[  Oc.  Dis. 

4 

2  57    " 

I  Oc.  Dis. 

6  52    " 

[  Tr.  In. 

5 

12  06    " 

I  Tr.  In. 

7  05    " 

[  Sh. In. 

12  49    '• 

I  Sh.  In. 

13 

1   10  A.  M. 

[  Ec.  Re. 

2  24    " 

I  Tr.  Eg. 

9  10  p.  M. 

[  Tr.  Eg. 

3  07    " 

I  Sh.  Eg. 

9  24    " 

[  Sh.  Eg. 

7  21  P.  M. 

Ill  Ec.  Re. 

9  24    " 

I 

[  Oc.  Dis. 

9  24    " 

I  Oc.  Dis. 

14 

12  38  A.  M. 

I 

[  Ec.  Re. 

6 

12  24  a.m. 

I  Ec.  Re. 

3  06    " 

II 

[  Oc.  Dis. 

5  45  p.  M. 

IV  Tr.  In. 

6  38  p.  M. 

] 

[  Ec.  Re. 

6  33     " 

I  Tr.  In. 

15 

7  04    " 

I 

[  Tr.  Eg. 

7  18    " 

I  Sh. In. 

7  36    " 

I 

[  Sh.  Eg. 

8  51    '• 

I  Tr.  Eg. 

17 

6  00    " 

II 

[  Sh. In. 

9  36    " 

I  Sh.  Eg. 

8  07    " 

II 

[  Tr.  Eg. 

9  38    " 

IV  Tr.  Eg. 

9  26    " 

II 

[  Sh.  Eg. 

11  08     " 

II  Tr.  In. 

19 

2  10  A.  M. 

] 

[  Tr.  In. 

7 

12  38  A.  M. 

II  Sh.  In. 

2  31     " 

] 

[  Sh. In. 

12  48     " 

IV  Sh.  In. 

n  26  p.m. 

] 

[  Oc.  Dis. 

2  00    " 

II  Tr.  Eg. 

20 

2  05  A.  M. 

] 

[  Ec.  Re. 

3  30    " 

II  Sh.  Eg. 

3  10    " 

I\ 

'  Tr.  In. 

6  53  p.  M. 

II  Ec.  Re. 

8  36  p.  M. 

] 

[  Tr.  In. 

8 

5  19     " 

II  Oc.  Dis. 

8  59    " 

] 

[  Sh. In. 

9  43     " 

II  Ec.  Re. 

10  54    •' 

] 

[  Tr.  Eg. 

2  49  A.  M. 

Ill  Tr.  In. 

11  18    " 

] 

[  Sh.  Eg. 

12 

1  53     " 

I  Tr.  In. 

11  38    " 

I] 

[  Oc.  Dis. 

2  44    " 

I  Sh.  In. 

21 

3   14  A.  M. 

I] 

[  Ec.  Re. 

7  55  p.  M. 

Ill  Oc.  Re. 

5  53  p.  M. 

] 

[  Oc.  Dis. 

8  11     " 

Ill  Ec.  Dis. 

8  34    " 

] 

[  Ec.  Re. 

11  10    " 

I  Oc.  Dis. 

22 

5  47    " 

[  Sh.  Eg. 

11  23     " 

Ill  Ec.  Re. 

6  30    " 

I 

[  Tr.  In. 

13 

2  20  A.  M. 

I  Ec.  Re. 

7  22    " 

I 

[  Sh. In. 

8  19  p.m. 

I  Tr.  In. 
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Central  Time. 

Central  Time 

h    xn 

h    in 

9  13  P.  M. 

I  Sh.  In. 

8  49  P.  M. 

I  Ec.  Re. 

10  37     " 

I  Tr.  Eg. 

11  30     " 

IV  Oc.  Dis. 

11  31     " 

I  Sh.  Eg. 

15      3  28  A.  M. 

IV  Oc.  Re. 

14      1  28  A.  M. 

II  Tr.  In. 

6  00  P.  M. 

I  Sh.  Eg. 

3  17    " 

II  Sh.  In. 

7  39     " 

II  Oc.  Dis. 

5  37  P.  M. 

I  Oc.  Dis. 

Minima  of  Variable  Stars  of  the  Algol  Type. 
U  CEPHEI.  ^  TAURI.  U  OPHIUCHI,  Cont. 


R.  A C^  52™  32' 

Decl +  81°  17' 

Period 2dll»>50™ 


Sept. 


Oct. 


2 

7 

12 

17 

22 

27 

2 

7 

12 


10  p. 

10 

10 

9 

9 

9 

8 

8      ' 

8 


ALGOL. 

R.  A 3''01'n01' 

Decl +  40°  32' 

Period 2c/20»»49'" 

Sept.  12  3  A.  M. 

14  midn. 

17       .       8  p.  M. 

Oct.     2  4  A.  M. 

5  1     " 

7  10  P.  M. 


R.  A 3^54'"  35» 

Decl +  12°  11' 

Period 3t/  22'^  52™ 

Oct.    2  3  a.  m. 

6  2     " 

10  1     " 

13  midn. 

U  CORONA. 

R.  A 15'>13"'43» 

Decl +  32°  03' 

Period  3J10»51'" 

Sept.  21  11  p.  M. 

28  8      " 

U.  OPHIUCHL 

R.  A 17"  10"' 56' 

Decl +    1°  20' 

Period Qd  20'>  08'" 

Sept.    4  10  p.  M. 

10  7     " 

15  8      " 

20  9     " 


Sept.  25 

9  p.  M. 

30 

10     " 

Oct.    5 

11     " 

11 

8      " 

16 

9      " 

Y  CYGNI. 

R.  A 

..20''  47™  40» 

Decl 

..+ 

34°  15' 

Period 

..Id  11"  57™ 

Sept.    2 

1  a.  m. 

5 

1     " 

8 

1     " 

11 

1     " 

14 

1      " 

17 

1     " 

20 

1     " 

23 

1     " 

26 

1     " 

29 

1     " 

Oct.    1 

midn. 

4 

" 

7 

i< 

10 

(i 

13 

i( 

COMET  NOTES. 


Wolf's  comet  is  becoming  an  easy  object  for  small  telescopes.  With  our 
IG-inch  it  has  a  sharp  stellar  nucleus  of  about  12th  magnitude,  with  a  con- 
siderable condensation  about  it  and  a  tail  about  5'  in  length.  Prof.  Bar- 
nard,at  Lick  Observatory,  has  picked  upEnckc'scomctin  the  i)lacc  predicted 
by  Hacklund,  whose  cphcmeris  wc  give  l)clow.  We  have  twice  looked  for 
the  Temple-Swift  comet,  but  have  not  yet  been  able  to  detect  it.  It  was  in 
1880  a  faint,  diffuse  object  several  minutes  in  diameter.  It  ought  soon  to 
l)C  picked  up  by  some  one.    It  will  be  nearest  the  earth  in  November. 

Ephcmcris  of  Comet  IS'JI  (WoWs  Periodic  Comet). 


Gr.  M.  T. 

App.  K.  A. 

Ai)p.  Decl 

It    in    M 

0 

Aug.   10 

2   38  42 

+  28    9-2 

II 

41    21 

28    5.2 

13 

43  59 
46  37 

28    0.8 

•3 

27  55.0 

•4 

49  14 

27  50.5 

log  J 


0.0832 


log  r 


IJr. 


0.2068        5.7 
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Gr.  M.  T. 

App.  R.  A. 

App.  Decl. 

h  m  s 

0   / 

15 

5>  51 

27  44.7 

16 

54  27 

27  38-4 

17 

57  2 

27  31.6 

18 

2  59  36 

27  24.3 

19 

3  2  10 

27  16.6 

20 

4  43 

27  8.4 

21 

7  14 

26  59.7 

22 

9  44 

26  50.5 

23 

12  14 

26  40.9 

24 

14  43 

26  30.8 

25 

17  10 

26  20.1 

26 

19  36 

26  9.0 

27 

22  0 

25  57-3 

28 

24  23 

25  45-2 

29 

26  46 

25  32.5 

30 

29  7 

25  193 

3» 

31  26 

25  5-6 

Sept,  I 

33  44 

24  513 

2 

36  0 

24  36.6 

3 

38  15 

24  21.3 

4 

40  28 

24  5-6 

5 

42  39 

23  49-3 

6 

44  49 

23  324 

7 

46  57 

23  15.0 

8 

3  49  2 

+  22  57.1 

log  ^  log  r  Br. 

0.0707  0.2053  6.0 

0.0581.  0.2041  6.4 

0.0455  0.2032  6.8 

0.0329  0.2026  7.3 

0.0204  0.2022  7.7 

0.0080  0.2022  8.2 

0-9957  0.2024  8.6 


Ephemeris  of  the  Temple-Swift  Periodic  Comet. 
(Continued  from  page  287.) 

1891  App.  R.  A.  App.  Decl.  log  ^         Ab.  T. 

h     m        s  c        '  m      8 

Sept.    4  21  33    02  -    2    i8.2  9-6353        3     35 

8  27    45  -     I    43-9 

12  22     41  —     1    08.0  9.5946        3     16 

16  '7     58  —    o    30.0 

20  13    52  4-0    10.4         9-5587        3      o 

24  10    25  -f    o    53.6 

28  07    55  +    *    40-°         9-5265        2    48 

Oct.     2  06    24  -j-    2    30.1  9.5 1 14       2    42 

4  06    04  4-2    56.8 

6  06    02  -j-    3    24.8  9-4965        2     36 

8  06     19  +3    54-0 

10  06    55  +4    24.7  9-4817        2    31 

12  07    51  +4    56.9 

14  09    09  ■{•    5    30.8  9.4667        2    26 


Ephemeris  of  Encke's  Comet  for  1891. 

App.  R,  A.  App.  Decl.  log  J             log  r      Ab.  T. 
h    m    s                           o        / 

4  26  10  +  32     o-o  0.1972  0.1525 

11  4  30  25          32  14.2  0.1429  0.1476   II  39 

12  4  24  47          32  28.2  0.1385  0.1416 

13  4  39  17           32  42.0  0.1340  0.1356   II  20 

14  4  43  55           32  55.4  0.1294  0.1296 

15  4  48  37         33  8.6  0.1248  0.1236   u  2 

16  4  53  28        33  21.4  0.1201  0.117b 
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App.  R 

.  A. 

App.  Decl. 

log  J 

logr 

Ab.  T. 

17 

4  58 

27 

ii   33-9 

0.1153 

0.1 1 15 

10  44 

18 

5  3 

34 

33  45-9 

0.1 104 

0.1054 

19 

5  8 

S^ 

2>3   57-4 

0.1054 

0.0993 

10  21 

20 

5  14 

14 

34  8.0 

0.1003 

0.0932 

21 

5  19 

46 

34  18.8 

0.0952 

0.0871 

10  9 

22 

5  25 

27 

34  28.5 

0.0900 

0.081 1 

23 

5  31 

17 

34  37-3 

0.0847 

0.0751 

9  52 

24 

5  37 

17 

34  45-4 

0.0793 

0.0691 

25 

5  43 

27 

34  52.6 

0.0737 

0.0630 

9  36 

26 

5  49  47 

34  58.8 

0.0680 

0.0571 

27 

5  56 

18 

35  3-8 

0.0622 

0.0512 

9  20 

28 

6  2 

59 

35  8.0 

0.0563 

0.0454 

29 

6  9 

50 

35  IO-7 

0.0504 

0.0396 

9  6 

30 

6  16 

51 

35  "-9 

0.0443 

0.0339 

31 

6  24 

I 

35  11-6 

0.0380 

0.0284 

8  52 

vSept.  I 

631 

22 

35  9-5 

0.0316 

0.0229 

2 

6  38 

53 

35  5-5 

0.0251 

0.0176 

8  39 

3 

6  46 

34 

34  59-9 

0.0184 

0.0124 

4 

6  54 

25 

34  52-8 

0.0115 

0.0074 

8  26 

5 

7  2 

24 

34  43-5 

0.0045 

0.0025 

6 

7  10 

31 

34  31-8 

9.9974 

9.9978 

8  15 

7 

7  18 

45 

34  1 7-6 

9.9901 

9-9935 

8 

7  27 

7 

34  0.5 

9.9826 

9.9891 

8  5 

9 

7  35 

36 

33  40.9 

9.9749 

9.9850 

10 

7  44 

II 

33  18.9 

9.9671 

9.9813 

7  57 

11 

7  52 

32 

32  54-6 

9.9590 

9-9779 

12 

8  I 

37 

32  28.0 

9.9508 

9-9747 

7  50 

13 

8  10 

25 

31  58.4 

9.9424 

9.9719 

14 

8  19 

15 

31  25.1 

9-9336 

9.9693 

7  44 

15 

8  28 

30  49-3 

9.9246 

9.9671 

16 

8  36  58 

30  10.9 

9-9154 

9-9653 

7  40 

17 

845 

49 

29  29.7 

9.9060 

9.9638 

18 

8  54  39 

28  45-5 

9.8964 

9.9629 

7  37 

19 

9  3 

28 

27  58.5 

9.8864 

9.9623 

20 

9  12 

15 

27  9.0 

9.8761 

9.9620 

736 

21 

9  20 

59 

26  16.9 

9-8655 

9.9626 

22 

9  29 

38 

25  22.5 

9.8546 

9-9634 

7  37 

23 

9  38 

II 

24  25.8 

9.8434 

9.9644 

24 

9  46  38 

23  26.7 

9.8319 

9.9656 

7  40 

25 

9  55 

0 

22  25.7 

9.8200 

9.9677 

26 

>o  3 

16 

21  22.9 

9.8078 

9.9700 

7  44 

27 

10  II 

26 

20  18.4 

9-7953 

9.9728 

28 

10  19 

30 

19  12.2 

9.7823 

9.9760 

7  51 

29 

10  27 

27 

18  4.7 

9.7689 

9.9797 

^     30 

»o  35 

18 

16  55.8 

9-7552 

9-9838 

7  59 

Oct.   1 

10  43 

3 

15  45-8 

9.7410 

9.9883 

2 

10  50 

43 

14  34-7 

9.7267 

9-9931 

8  10 

3 

10  58 

18 

13  22.6 

9.7120 

9.9983 

4 

>•  5 

48 

12  9.8 

9.6968 

0.0039 

8  22 

5 

"  13 

14 

-f  10  56.2 

9.6814 

0.0098 

Ephemeris  of  Comet  a  1891.  (Barnard  Mar.  29.)  Prom  the  elements 
of  my  orbit  n«  given  in  Thk  Siderkal  Mkssengkr  for  June,  p.  288,  I  have 
cominitcd  the  following  ephemeris: 

Gr.  M.  T.         App.  K.  A.  App,  Decl.        Log  r       Log  J      Light. 

h     m        •  "      ' 

July      1.5  8  35      8  —  50    29  0.1699        0.1183        0-25 

a.5         8  43    53  50   as 


Current  Celestial  Phenomena. 


369 


Gr.  M.  T. 

App.  R 

.  A. 

App. 

Decl. 

Logr 

Leg  J 

Light. 

h 

m 

s 

0 

' 

July      3-5 

8 

50 

23 

-50 

20 

4-5 

8 

57 

40 

50 

14 

5-5 

9 

4 

43 

50 

7 

0.1893 

0.1448 

0.21 

6.5 

9 

II 

31 

49 

59 

7-5 

9 

18 

7 

49 

51 

8.5 

9 

24 

32 

49 

41 

9-5 

9 

30 

43 

49 

31 

0.2076 

0.0715 

0.17 

10.5 

9 

36 

40 

49 

21 

"•5 

9 

42 

26 

49 

10 

12.5 

9 

48 

2 

48 

58 

I3-5 

9 

53 

27 

48 

46 

0.2248 

0.1980 

0.14 

14-5 

9 

58 

42 

48 

34 

15-5 

10 

3 

46 

48 

22 

16.5 

10 

8 

40 

48 

II 

17-5 

10 

13 

26 

47 

59 

0.2413 

0.2240 

0.1 1 

18.5 

10 

18 

2 

47 

47 

19.5 

10 

22 

29 

47 

35 

20.5 

10 

26 

49 

47 

24 

21-5 

10 

31 

I 

47 

12 

0.2569 

0.2492 

0.09 

22.5 

10 

35 

4 

47 

I 

23-5 

10 

39 

I 

46 

50 

24.5 

10 

42 

53 

46 

39 

25-5 

10 

46 

38 

46 

28 

0.2719 

0.2737 

0.08 

26.5 

10 

50 

14 

46 

17 

27-5 

10 

53 

46 

46 

6 

28.5 

10 

57 

13 

45 

56 

29-5 

II 

0 

3<^ 

45 

46 

0.2861 

0.2970 

0.07 

30-5 

II 

3 

56 

45 

35 

31-5 

II 

7 

13 

-45 

25 

0.2930 

0.3085 

0.  c.  w 

0.06 

ENDELL 

Harv.xrd 

College  Obser\ 

'ATORY,  June 

10,  1891. 

ASTRONOMY  FOR  AMATEURS. 


How  to  See  the  Solar  Prominences  with  a  Grating  Spectroscope. 


E.  E.  READ,  Jr. 


For  The  Messenger. 

Recently  I  have  received  several  inquiries,  mosth^  from  amateurs,  ask- 
ing for  instruction  in  the  use  of  the  grating  spectroscope.  They  all  com- 
plain that  there  is  a  lack  of  definite  and  condensed  directions  in  that  line. 
On  account  of  these  inquiries  I  have  written  the  following  paper,  which  is 
entirely  for  the  use  of  amateurs,  containing  as  it  does  only  the  most  elemen- 
tary and  simple  matters  in  relation  to  seeing  and  measuring  the  solar 
prominences : 

First,  Instumental  Requisites. 

A.— The  plane  of  the  slit  plate  and  the  plane  of  the  grating  must  be 
normal  to  the  line  passing  through  the  center  of  the  lens  of  the  equatorial 
and  the  lens  of  the  collimator.    This  line  must  pass  through  the  center  of 
the  slit  and  center  of  the  grating. 
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B. — The  angle  between  the  collimator  and  the  observing  telescope  must 
be  as  small  as  possible. 

C. — The  equatorial  must  be  run  with  some  kind  of  clock-work.  I  find 
that  one  of  the  most  general  inquiries  is,  "  Can  I  see  the  solar  prominences 
with  a  portable  equatorial  without  clock-work  ?"  Upon  the  whole  I  should 
say  that  a  clock-work  is  an  indispensible  accessory  to  good  spectroscopic 
work.  The  clock  need  not,  however,  be  an  expensive  nor  elaborate  one.  Of 
course  an  electricalh'  controlled  clock  connected  with  the  Sidereal  clock  is 
the  most  desirable  of  all,  and  to  do  the  most  exact  work  is  the  only  thing, 
but  for  the  ordinary  purposes  of  amateur  work  anv  arrangement  by  which 
the  equatorial  is  carried  with  a  regular  and  steady  motion  will  suffice. 
Mr.  Hopkinson,  of  Renovo,  Pa.,  has  an  arrangement  that,  while  costing  but 
a  trifle  performs  quite  satisfactorily.  He  connects  a  large  iron  weight  by  a 
rope  or  wire  to  the  axis  of  the  telescope  and  this  he  rests  on  a  rubber  bag 
filled  with  air.  A  small  rubber  tube  leading  from  the  bag  to  his  hand  con- 
trols the  outlet  of  the  air  and  the  consequent  fall  of  the  weight  and  motion 
of  his  telescope.  If  the  telescope  is  moving  too  slowly  he  simply  lets  more 
air  out  and  the  weight  falls  faster  and  the  rate  of  his  "clock  "  is  increased. 
With  this  arrangement  he  tells  me  thrit  he  is  able  to  hold  a  star  in  the  field 
of  view  for  more  than  an  hour.  Then  he  simjjly  again  fills  up  the  rubber 
bag  with  air  and  his  "clock"  is  wound  up.  With  such  an  arrangement  as 
this  an  amateur  could  do  very  satisfactory  protninenee  work. 
Second,  Adjustments. 

A. — Detach  the  observing  telescope  from  the  spectroscope  and  focus  it 
for  parallel  rays  bv  observing  some  distant  object.  This  object,  if  terrcstial, 
should  not  be  less  than  a  mile  distant,  but  if  the  observer  will  focus  at 
night  upon  a  star  he  will  then  be  sure  to  get  parallel  rays.  Let  this  focus 
be  marked  by  means  of  a  scratch  or  other  such  mark  upon  the  draw  tube. 

B. — With  the  telescope  thus  focused  and  again  attached  to  the  spectro- 
scope view  the  image  of  the  slit  as  it  is  reflected  from  the  face  of  the  grating. 
Move  the  slit  ])late  in  or  out  until  the  image  of  the  slit  is  perfectly  sharp. 
Professor  Young  suggests  that  a  better  plan  is  if  practicable  to  have  the 
spectrosco]K'  so  constructed  that  the  observing  telescope  can  be  swung 
.around  far  enough  to  look  directly  througli  it  into  the  collimator.  Then  if 
the  grating  is  removed  the  slit  can  be  seen  directly  and  the  slit  plate  moved 
until  the  slit  is  sharp.  This  plan  does  away  with  the  reflecti«m  entirely. 
Mark  the  slip  tube  of  the  collimator  when  this  adjustment  has  been  com- 
]>lctcd  as  in  the  case  of  the  observing  telescope. 

C.— With  the  instrument  thus  focussed  and  coliimnaLcd  jilace  it  so  that 
the  slit  plate  is  exactly  in  the  focus  of  the  ccpiatorial.  This  can  be  done 
cither  by  direct  observation  of  the  solar  image  on  the  slit  i)late  or  by  view- 
ing the  spectrum  of  the  limb  of  the  sun  through  the  telescope.  This  latter 
plan  is  cArricd  out  as  follows— .vith  the  slit  radial  to  the  sun  the  solar 
imaxc  is  nllowcd  to  fall  on  it  so  that  only  half  of  the  slit  is  covered,  then 
the  observer  looking  into  the  observing  telescope  will  see  only  half  the  field 
filled  with  the  spectrum  and  the  line  of  division  will  be  the  spectrum  of  the 
sun's  linil).  If,  now,  the  s|K'ctro8coiH;  is  moved  until  this  line  is  perfectly 
sharp  the  plane  of  the  slit  will  be  in  the  focal  piniic  of  the  c(|ii.'it()ri.'il  for 
those  rays  which  the  observer  is  using. 
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If  the  former  method  is  used  it  is  well  to  protect  the  eyes  from  the  glare 
of  the  solar  image  by  means  of  colored  glass  of  some  sort.  I  use  a  pair  o 
ordinary  "  London  smoke  "  e3'e  glasses. 

4. — Move  the  equatorial  until  the  solar  image  is  exactly  tangential  to 
the  slit,  and  in  the  C  line  the  chromosphere  ought  to  be  seen,  together  with 
any  prominences  that  hapiien  to  be  at  the  paint  of  observation.  The  C 
line  of  the  second  order  is  the  line  mjst  generally  used  for  this  part  of  the 
work. 

The  observer  will  sooa  fial  that  one  side  of  his  grating;  will  give  him 
better  results  than  the  other,  the  image  will  be  brighter  and  the  light 
better.  It  is  well  to  begin  operations  upon  the  north  and  south  limbs  of 
the  sun  because  any  irregularities  of  the  clock  will  merely  carry  the  solar 
image  along  the  slit  instead  of  across  it,  and  in  this  latter  case  the  light  of 
the  photosphere  would  at  once  blot  out  the  feeble  light  of  the  prominences. 
The  observer  will  find  what  width  he  can  open  the  slit.  This  depends  upon 
several  factors,  the  most  imp3rtant  of  which  is  the  atmosphere. 
Third,  Causes  ok  Failure. 

A. — Air  currents  of  unequal  temperature.  There  is  nothing  that  sooner 
feels  the  intiuence  of  poor  definition  than  the  spectroscope.  The  heating  of 
the  air  in  the  upper  part  of  the  Observatory,  or  even  the  heating  of  that  in 
the  tube  of  the  equatorial  is  sufficient  to  render  observations  useless.  To 
overcome  the  former  I  find  that  the  best  time  to  observe,  especially  in  sum- 
mer, is  the  very  early  morning.  My  own  Observatory  is  in  the  heart  of  a 
city  and  unless  I  make  my  observations  during  the  summer  before  eight 
o'clock,  the  heat  so  ruins  the  definition  that  seeing  is  impossible.  If  the 
observation  is  a  jjrolonged  one  the  air  in  the  tube  will  become  so  heated 
that  this  will  affect  the  seeing.  When  this  happens  the  only  thing  to  do  is 
to  stop  work,  revolve  the  roof  until  the  sun  no  longer  falls  on  the  tube  of 
the  equatorial  and  give  the  air  time  to  cool  off. 

B.— Moisture  in  the  atmosphere.  If  the  sky  is  covered  with  a  thin 
white  haze  it  is  useless  to  attempt  to  see  any  prominences.  The  best  sky, 
however,  I  find,  is  not  one  that  is  i)erfectly  free  from  clouds  but  rather  one 
that  is  filled  with  those  great  masses  of  snow  white  cumuli  leaving  here  and 
there  between  them  patches  of  skv  of  an  intense  blue.  These  clouds  seem  to 
gather  up  all  the  moisture  that  is  in  the  air  and  leave  the  clear  places  per- 
fectly dry  and  pure.  Upon  such  occasions  as  these  I  have  obtained  the  Ijest 
results. 

C. — A  dirty  object-glass  in  the  equatorial  or  a  dirty  grating.  The  way 
to  clean  the  latter  is  to  wipe  it  in  the  direction  of  the  ruling  with  a  cloth 
wet  with  bi-sulphide  of  carbon. 

I).— Lack  of  sufficient  care  in  the  matter  of  focusing.  This  is,  I  find, 
one  of  the  most  usual  causes  of  failure.  The  observer  is  too  easily  satisfied 
that  he  has  placed  the  spectroscojie  so  that  the  focal  plane  and  the  slit 
plate  are  coincident. 

Nor,  however,  is  it  always  the  fault  of  the  observer.  If  the  lens  of  the 
equatorial  is  not  well  corrected  for  spherical  aberration  there  is  no  single 
point  where  all  the  rays  come  to  a  focus,  and  instead  of  there  being  a  focal 
plane  there  is,  so  to  speak,  a  focal  cylinder  and  all  the  observer  can  do  is  to 
find  the  point  where  he  will  get  the  best  results.    Professor  Young's  method 
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for  final  adjustment  in  the  focal  plane  is  as  follows:  "I  alwaj-s  make  the 
final  adjustment  of  slit  in  focal  plane  bj-  help  of  the  eye-piece  of  the  view 
telescope.  I  close  the  slit  and  focus  just  as  sharply  as  I  can  on  the  Fraun- 
hofer  lines.  Then  I  open  the  slit  a  little  and  look  at  the  prominences,  run- 
ning the  view  telescoiie  eye-piece  in  and  out  a  little.  If  the  ej'e-piece  shows 
them  best  a  little  inside  the  focus  for  the  Fraunhofer  lines,  then  I  move  the 
spectroscope  closer  to  the  telescope,  and  vice  versa  if  the  prominences  show 
best  by  pulling  out  the  eye-piece  beyond  the  focus  of  the  Fraunhofer  lines. 
The  motion  of  the  slit  plates  should  be  just  half  the  displacement  of  the  eye- 
piece between  the  focus  for  lines  and  for  prominencs,  /.  e.,  it  should  be  so  i^ 
collimator  and  view  telescope  have  the  same  focal  length." 
FoL'RTH,  AIe.\slrement  OF  Promixences. 

A. — Position  Angle.  Allow  the  sun  to  run  along  the  slit  plate  and 
revolve  the  spectroscope  until  the  north  and  south  limb  of  the  sun  is  exactly 
tangential  to  the  slit  during  the  entire  passage  across  the  plate.  This  will 
then  be  the  zero  point,  provided,  of  course,  that  the  north  limb  of  the  sun  is 
made  use  of.  Around  the  eye-end  of  the  tube  of  the  equatorial  1  have  a 
circle  divided  to  half  degrees.  Connected  with  the  spectroscope  is  a  pointer 
that  points  to  the  readings  on  the  circle.  The  pointer  is  so  set  that  it  is 
directed  to  360  when  the  north  limb  of  the  sun  is  exacth-  tangential  to  the 
slit.  Then  as  the  spectroscope  is  revolved  the  pointer  marks  exacth'  what 
is  the  position-angle  of  the  portion  of  the  sun  under  observation.  This 
reading  can  be  afterwards  reduced  to  latitude,  if  desired,  b}'  means  of  the 
solar  ephemeris  in  "  The  Companion  to  the  Observatory,"  or  the  table  in 
Secchi's  "Le  Soleil." 

B. — Measurement  of  height  of  Prominences.  This  can  be  done  either  by 
means  of  the  micrometer  or  by  means  of  the  slit.  If  the  slit  is  controlled  by 
a  screw  with  a  micrometer  head  the  value  of  the  revolution  of  the  screw  can 
be  ascertained  in  about  the  same  method  as  is  used  in  theordinar3'  stellar  mi" 
crometer.  The  slit  can  be  opened  a  certain  and  well  ascertained  width,  say 
five  revolutions  of  the  screw,  then  the  grating  having  been  removed  the  ob- 
serving telescope  is  revolved  so  that  it  looks  directly  through  the  collima- 
tor and  equatorial  and  a  star  can  be  allowed  to  drift  across  the  slit ;  its 
time  changed  to  equatorial  time  and  multiplied  by  fifteen  will  give  the  value 
of  the  five  revolutions  of  the  screw  of  the  slit. 

If  the  cob-web  micrometer  is  used  the  method  is  about  the  same.  The 
spectroscope  is  arranged  as  is  for  the  examination  of  the  Fraunhofer  lines. 
The  slit  is  j)laced  i)arallel  to  a  circle  of  declination  and  the  wires  separated 
by  an  integral  number  of  revolutions  of  the  screw.  Then  as  the  snn  crosses 
the  slit  plate  let  the  observer  note  the  interval  between  contact  of  the  spec- 
trum with  the  first  wire  and  contact  with  the  second.  This  interval  chang- 
ed to  seconds  of  arc  will  lie  the  value  of  the  integral  number  of  revolutions 
of  the  screw  and  the  value  of  a  single  revolution  or  fraction  thereof  can  be 
nt  once  found. 

In  cases  where  the  |)rominences  are  t«)o  liigli  to  admit  ol'  being  seen  and 
measured  by  mcauH  of  the  micrometer  and  tangential  slit  other  methods 
must  Ik  used.  One  of  the  simplest  in  to  i)lace  the  slit  radical  to  the  sini  at 
the  iK>int  nt  which  the  prominence  is  located  and  measure  its  height  by 
means  of  the  micrometer.    This  method  is  exact  but  slow,  and  if  quicker 
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work  is  desired  recourse  cnn  be  had  to  the  method  of  the  screen  placed  be- 
hind the  finder,  or,  to  refraction  of  the  solar  image  by  means  of  a  plate  of 
thick  glass  i)laced  at  an  angle  before  the  slit  plate.  Both  these  methods  are 
decribed  at  length  in  Secchi,  (Le  Soleil  Vol.  II,  page  24). 


• 


School  of  Pure  Mathematics  and  Practical  Astronomy. 


Course  of  Study  (Provisional). 


FIRST  YEAR. 

Fall  Term,  Fifteen  Weeks. 

1.  Chauvenet's  Trigonometry;  three  hours  per  week. 

2.  Analytic  Geometry  (Howison  or  Equivalent);  two  hours  per  week. 

3.  [Theory  of  Equations,  Salmon's  Higher  Plane  Curves;  Ball's  History 

of  Mathematics.] 

4.  French  or  German,  with  Translations  from  Current  Periodicals. 

5.  Practical    Astronomy,    Observing    E.xercises   from    Webb,    Oliver  and 

others ;  Instruments :  Opera  Glass,  Sextant,  and  Portable  Equato- 
rial Telescopes ;  Principal  Themes:  Occultations  and  Variable  Stars 
Winter  Term,  Ten  Weeks. 

1.  Analytic  Geometry  (including  Three  Dimensions),  three  hours  per  week. 

2.  Differential  Calculus,  two  hours  per  week. 

3.  French  or  German  with  Translations  from  Current  Periodicals. 

4.  [History  of  Astronomy ;  Grant;  Determinants]. 

5.  Computations ;  four  hours  iJer  week. 

€.    Practical  Astronomy;    Principal  Theme,  Time  and  the  Care  of  Clocks; 
Instruments :  Portable  Transit  and  the  Meridian  Circle. 
Spring  Term,  Eleven  Weeks. 

1.  Integral  Calculus;  three  hours  per  week. 

2.  Analytic  Mechanics;  two  hours  per  week. 

3.  [History  of  Astronomy  of  the  Nineteenth  Century;  Gierke;  Quater- 

nions.] 

4.  Computations ;   four  hours  per  week. 

5.  Astronomy,  Chauvenet  Vol.  I ;  three  hours  per  week. 

6.  Observing  two  nights  per  week;  Theme:  Latitude;  Instruments:  Por- 

table Transit  and  Zenith  Telescope. 

SECOND  YEAR. 

Fall  Term,  Fifteen  Weeks. 

1.  Astronomy,  Chaitvenet  Vol.  1  completed;  two  hours  per  week. 

2.  Anahtic  Mechanics;  three  hours  per  week. 

3.  Computation  of  Orbits,  Oppolzer,  French  or  German  edition,  Klinker- 

fues  and  Watson. 

4.  [Ferris'  Spherical  Harmonics  and  Frost's  Curve  Tracing.] 

5.  Observing  two  nights  ])er  week.    Theme:  Double  Stars.    Instruments: 

Clark's  SVi-inch  Equatorial;  Williams  16.2-inch  Ecjuatorial ;   Work- 
ing Lists  from  Gledhill,  Chambers  and  Burnham. 
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Winter  Term,  Ten  Weeks. 

1.  Astronomy,  Chauvenet  Vol.  II  begun;  three  liours  per  week. 

2.  Computation  of  Orbits,  Oppolzer,  continued. 

3.  Laboratory  work  in  Physics,  Light  and  Heat,  three  hours  per  week. 

4.  Observing  two  nights  per  week.    Theme:   Differential  Observations    of 

Planets;  Equatorial  Telescope  with  Micrometer. 

5.  [Differential  Equations;  Reference  Books:  Boole,  Johnson  and  Craig.]    ^ 

Spring  Term,  Eleven  Weeks, 

1.  Computations  of  Orbits,  Oppolzer,  continued. 

2.  Astronomy,  Chauvenet,  Vol.  II.  completed;  two  hours  per  week. 

3.  [Differential  Equations,  continued.] 

4.  Observing  two  nights  per  week,  Meridian  Circle. 

5.  Laboratory  Work  in  Physics,  Electricity  and  Magnetism. 

THIRD  YEAR. 

Fall  Term,  Fifteen  Weeks. 

1.  Spectrum   Analysis,    Scheiner,    Spectral    Analyse  der    Gestirne;    three 

hours  per  week. 

2.  Theme  for  Original  Investigation  in  some  branch  of  Mathematics  or 

Astronomy. 

3.  Elliptic  Functions. 

4.  Observing  two  nights  per  week,  Meridian  Circle. 

5.  [Figure  of  the  Earth,  Pendulum  Observations;  Pratt,  Clarke  and  other 

books  of  reference.] 

Winter  Term,  Ten  Weeks. 

1.  Spectrum  Analysis  continued;  Laboratory  Work  with  the  Universal 

Spectroscope  aided  by  Photography ;  three  hours  per  week. 

2.  Celestial  Photography;  Themes;  Reference  PajKjrs  in  the  Library;  In- 

struments :  Photographic  Telescopes. 

3.  Theme  for  Original  Investigation  in  some  branch  of  Mathematics  or 

Astronomy. 

4.  Observing  two  nights  jier  week  ;  E(|uutorial  Telescope. 

5.  [Elliptic  Functions,  continued.] 

Spring  Term,  Eleven  Weeks. 

1.  Theme  for  Original  Investigation  in  some  branch  of  Mathematics  or 

Astronomy. 

2.  Celestial  Photography   continued;    Instruments:    Photographic  Tele- 

scopes and  Cnmerjis. 

3.  Calculus  of  Variations  by  Topics;  Books  of  Reference:  Todhuntcr,  Jel- 

lett  and  other  authors. 

4.  Observing  two  nights  ])er  week;  E(|untorial  Tclesc()i)e. 

C.    [Memoirs  of  Sir  Isaac  Newton  by  Brewster,  and  Dreycr's  Tycho  Brahe]. 

Note.— The  themes  in  brackets  are  to  be  read  by  the  student  under  the 
direction  of  the  instructor. 

Anv  student  who  has  received  the  <legrcc  of  Bachelor  o\'  Arts  or  Bache- 
lor of  Science,  and  who  has  com|)leted  the  above  course  of  study  and  pre- 
sented n  thesis  showing  ability  in  original  investigation  will  be  recom- 
mended by  the  Faculty  of  the  College  to  the  Board  of  Trustees  for  tlic  de- 
gree of  Doctor  of  I'hiloBophy. 

(jo<)d»ell  Omkkvatokv  of  Carlbton  Collegk,  August  1,  1891. 
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NEWS  AND  NOTES. 

Vacation  months  for  this  year  are  July  and  September.     Hence  the  next 
issue  will  l)e  for  October,  and  it  will  be  mailed  the  last  week  of  September. 


The  size  and  quality  of  this  number  of  The  Messenger,  it  is  hoped,  will 
be  a  pleasant  surprise  to  our  readers.  It  is  partly  due  to  pressure  of  use- 
ful matter  when  a  vacation  month  comes. 


The  attention  that  has  recently  been  given  to  studies  by  the  spectro- 
scope has  interested  a  number  of  the  best  astronomers  in  this  country  and 
P^urope  in  The  Messe.noer,  and  arrangements  are  now  in  progress  for  a 
large,  full,  and  more  general  discussion  of  the  various  branches  of  astro - 
omical  work  due  to  the  spectroscope,  in  future  numbers  of  this  publica- 
tion. 


Kenwood  Physical  Observatory. — On  another  page  will  be  found  a  des- 
cription of  the  new  Kenwood  Physical  Observatory,  of  Chicago.  The  cuts 
accompanying  the  article  give  a  very  correct  idea,  in  outline,  of  this  new 
Observatory,  and  Professor  Young's  address,  at  its  dedication,  well  indi- 
cates the  auspicious  beginning  which  it  has  already  made.  Professor  Geo. 
E.  Hale,  its  director,  is  now  in  Europe  for  study,  and  at  this  writing  is  at 
Mr.  Lockyer's  Observatoy.  He  will  be  abroad  at  least  a  year,  and  in  the 
mean  time  he  is  having  some  new  astronomical  instruments  constructed  for 
his  new  Observatory  in  Chicago. 


Professor  George  Davidson,  of  the  United  States  Coast  and  Geodetic 
Survey,  has  just  received  a  letter  from  his  colleague  John  E.  McGrath  in 
charge  of  the  boundary  survey  party  on  the  Yukon  river  near  its  crossing  of 
the  1-ilst  meridian,  in  which  McGrath  reports  that  he  observed  the  first 
interior  contact  of  Mercury  and  the  sun'slimbon  the  9th  of  May  ;  and  that 
on  the  6th  of  June  he  observed  the  solar  eclipse.  He  took  photographs  of 
both  these  phenomena.  Camp  Davidson,  where  McGrach  made  these  ob- 
servations, is  in  65°  latitude  and  14-1°  longitude. 


Allegheny  Observatory. — At  a  meeting  of  the  Board  of  Trustees  of  the 
Western  University  of  Pennsylvania,  on  May  11,  1891,  J.  E.  Keeler, 
of  Lick  Observatory,  was  elected  Professor  of  Astro-physics  in  the 
University  and  Director  of  the  .\llegheny  Observatory.  Mr.  F.  W.  Very  is 
associated  with  him  as  Adjunct  Professor  of  Astronomj*.  It  is  expected 
that  the  Observatory'  will  continue  its  researches  on  important  problems  in 
the  domain  of  Astro-physics,  and  he  asks  that  astronomers  generally  will, 
as  heretofore,  favor  the  Observatory  with  the  communication  of  such  me- 
moirs or  shorter  papers  as  may  be  published  under  their  direction. 
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Goodsell  Observatory,  Carleton  College. — Our  readers  will  notice  that 
the  Obser\'ator3'  has  received  a  new  name  since  our  last  publication. 
It  was  given  in  comemoration  of  Mr.  C.  F.  Goodsell,  the  real  founder  of 
Carleton  College.  A  full  account  of  the  earnest  vvrork  and  self-denying 
service  of  this  good  man,  to  found  a  Christian  College  in  the  Northwest, 
will  be  given  in  Observatory  Publication  No.  3,  which  will  appear  soon. 
This  name  was  given  in  connection  with  the  reception  exercises  for  the  new 
large  equatorial  and  the  formal  opening  of  the  School  of  Pure  Mathematics 
and  Practical  Artronom\',  as  part  of  the  proposed  work  of  the  Goodsell  Ob- 
servatory'. The  dedication  and  reception  exercises  were  held  on  and  about 
the  east  porches  of  Gridle\'  Hall,  Carleton  College,  June  11,  1891.  A 
special  free  train  from  the  cities  of  St.  Paul  and  Minneapolis  was  provided 
for  the  occasion,  and  nearly  100  invited  guests  from  the  cities  spent  the  day 
and  evening  in  witnessing  the  various  exercises  of  Commencement  "Day  and 
the  interesting  views  of  celestial  objects  at  the  Observatory  during  the 
evening  b3'  the  aid  of  the  large  telescope.  The  occasion  was  one  of  great 
interest  to  the  College  and  to  the  Observatory.  The  persons  who  shared 
in  the  special  exercises  before  referred  to,  were  President  Sti  ong,  the  Director 
of  the  Observatory,  Professor  Goodhue,  Profesor  Huntington,  Professor  J. 
L.  Noyes  and  Mr.  M.  W.  Skinner,  all  of  Carleton  College;  Professor  C.  S. 
Hastings  of  Yale  University,  Mr.  Warner  of  Cleveland,  Ohio,  Rev.  E.  H. 
Averj'  of  Iowa,  Hon.  M.  H.  Dimnell  of  Owatonna,  Mr.  H.  S.  Fairchild  of 
St.  Paul,  Rev.  S.  S.  B.  Spear  of  Minneapolis.  As  indicated  above,  a  very 
full  account  of  these  special  exercises  will  be  given  in  the  next  Observatory 
Publication.  

Professor  L.  G.  Weld  of  the  State  University  of  Iowa  sjient  a  few  daj'S 
with  us  at  the  Observatory  trying  the  instruments  and  looking  up  points 
of  interest. 

Professor  W.  A.  Crusenbury,  Department  of  Mathematics  and  Astron- 
omj',  Callinan  College  of  Drake  Universit}-,  Dcs  Moines,  la.,  is  spending  a 
part  of  his  vacation  at  the  Goodsell  Observatory  in  regular  work  with  the 
astronomical  instruments. 


Camherlin  Observatory.— Vndier  date  of  June  19,  Professor  H.  A.  Howe, 
Director  of  the  Chanilx;rlin  Observatory,  Denver,  Colo.,  writes  that  "the 
plasterers  begin  to-morrow  their  work  in  the  new  observatory  building." 
that  the  dome  is  almost  done,  the  objective  is  coniiilcted  and  that  the 
mounting  for  the  20-inch  j;la8S  is  likely  to  be  conii)leled  during  the  present 
sunimer.  At  last  writing  Professor  Howe  was  testing  his  new  ()-inch  cfjua- 
torial  telescope.  

Students'  Obscrvntory,  at  Berkley,  C'a/.— Roger  Sprague,  who  is  spend- 
ing his  vacation  at  the  Students'  Observatory,  of  Merkk-y,  California,  des- 
cril)cs  at  length  the  defining  power  of  the  fine  six-inch  telescope  at  that 
place.  Hccnils  attention  to  the  "granular  appearance"  of  tlie  principal 
condensation  as  being  iK-cuIiar,  and  suggests  that  this  part  of  the  nebula 
f)OKsil)ly  might  Ik  watched  with  jjrofit.  This  granular  apijcarancc  has  be- 
fore been  noticed,  but  later  study  is  quite  decisive  in  the  view  that  the  con 
denied  portions  of  the  nebula  arc  not  resolvable. 
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The  Proper  Motion  of^  1321.  The  expression  Mr.  Burnham  uses  in 
the  Sidereal  Messengkr  p.  171,  "only  optically  double."  is  likeh-  to  be 
misleading,  as  not  used,  as  it  appears  to  me,  in  the  usual  sense  given  by 
astronomers  to  it.  He  uses  it  in  the  cases  of  stars  which,  like  61  Cygn^ 
and  2  1321,  though  physically  connected,  have  not  been  proved  to  have 
anj-  motion  around  each  other,  and  therefore  are  not  called  "binary;"  but 
m\'  impression  is  that  astronomers  generally-  use  the  expression  to  mean 
stars  which  are  nowhere  near  each  other  in  space,  but  only  hapijen  ac- 
cidentally to  lie  nearly  in  the  same  line  of  sight. 

As  an  illustration,  I  believe  it  would  generally  be  said  that  five  of  the 
bright  stars  in  Ursa  Major,  fi,  y,  f5,  e,  C  are  "  ph3'sicaHy  connected,"  and 
are  not  "only an  optical  group;"  but  that  a  and  ^are  probably  not  physic* 
ally  but  "onl3'  optically"  connected  with  the  others. 

T.  W.  Backhouse. 

West  Hendon  House,  Sunderland,  England,  July  14-,  1891. 


Another  Iowa  Meteorite.— ^hat  is  supposed  to  be  a  meteoric  stone  fell 
five  miles  north  and  four  and  a-half  miles  east  of  Alta,  Iowa,  about  3:15  a. 
M.  of  the  2d  of  June.  The  person  who  found  the  stone  thus  described  the  cir- 
cumstances of  its  fall  to  me:  "A  bright  Hash  of  red  light  was  first  seen,  fol- 
lowed by  a  buzzing  sound  and  a  very  loud  report  which  was  said  to  be 
much  louder  than  thunder,  immediately  something  appeared  to  hit  the  side 
of  the  house  (possibly  gravel).  The  occupants  (two  women)  at  first 
thought  the  house  had  been  struck  by  lightning,  and,  being  frightened,  did 
not  venture  out  until  morning,  when,  looking  around,  they  found,  em- 
beded  a  few  inches  in  the  sand  and  gravel  quite  near  the  house,  the  aerolite. 
It  was  covered  with  a  black  substance,  had  a  strong  smoky  and  sulphur- 
ous odor.  They  washed  it  and  brought  it  to  town.  I  examined  it  and 
found  it  of  a  concavo-convex  shape,  nearly  round,  being  about  four  inches 
by  three  and  three- fourths  inches  and  two  inches  high  in  the  center,  weigh- 
ing one  pound  and  fifteen  ounces  avoirdupois.  The  concave  side  is  partly 
stone  and  metal  and  the  convex  side  is  completely  covered  with  a  small 
crystalline,  yellowish-green  metal,  partly  fused  by  heat  on  one  side.  It 
looks  as  if  it  might  have  been  globular  and  l>een  shattered  in  two. 

David  E.  Hadde.n. 

Transit  of  Mercury.  The  transit  of  Mercury  was  successfully  observed 
at  the  Observatory  of  the  University  of  Mississippi  on  the  9th  daj-  of  Ma\'. 
An  equatorial  by  Merz  of  11.6  cm.  aperture  (with  screen  of  8.9  cm.  ajier- 
ture)  was  used.  The  eN'e-piece  had  a  magnifying  power  of  177.  The  day 
'  was  cloudless  and  conditions  all  favorable  excepting  nearness  to  the  hori- 
zon, and  excessive  quivering  due  to  rajiid  warming  of  the  ground.  Time  o' 
first  contact  was  lost  by  imperfect  adjustment  of  wire  in  eye-piece.  Second 
contact  was  noted  at  o.  M.  T.  11''  57"'  31*.  The  first  flash  of  light  behind 
the  planet  was  seen  at  this  time,  and  it  was  continuous  after  this.  -\ 
"black  drop"  appearance  lasting  not  more  than  a  second  was  noted  about 
five  seconds  before  the  first  flash  of  light  behind  the  planet.  No  indications 
of  atmosphere  were  noted.  The  planet  was  watched  until  sunset.  Weather 
on  this  occasion,  as  on  the  occasion  of  the  transits  of  Mercur\-  in  1878 
and  Venus  in  1882,  was  all  that  could  be  desired.  R.  B.  FfLTCN. 

University  of  Mississippi. 
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Jupiter.  The  great  red  spot  on  Jupiter  has  again  become  very  conspic- 
uous. Its  outline  is  sharph'  defined  and  its  color  a  deep  pink,  similar  to 
its  apjjearance  in  1879-80.  Another  reddish  spot  has  been  observed  in  lati- 
tude 9  seconds  south  of  the  equator,  and  following  the  great  red  spot 
about  five  hours  in  time.  This  object  has  a  length  at  mean  distance  of  7". 5 
and  a  breadth  of  1".  In  1890  five  small  reddish  spots  were  observed  in  the 
north  margin  of  the  equatorial  belt,  5"  north  of  the  equator,  the  approx- 
imate rotation  period  being  9''  55"'  34?.  One  of  these  spots  was  observed 
on  July  9,  preceding  the  great  red  spot  2^  07"'  of  time.  I  presume  others 
will  become  visible  during  the  opposition.  The  oval  white  spots  which  I 
have  observed  every  year  on  belt  No.  6.  9"  south  of  the  equator,  owing  to 
the  more  favorable  position  of  the  planet,  will  be  more  readily  seen  than  for 
some  years  past.  These  spots  are  usually  found  in  groups  of  three  or  more 
and  give  a  rotation  period  approximately  the  same  as  the  great  red  spot. 
The  most  conspicuous  spot  of  a  group  is  now  visible,  following  the  great 
red  spot  3^  40"'  time.  G.  W.  HoroH. 


Photographic  Chart  of  the  Sky.  We  have  just  received  the  report  of 
the  last  reunion  of  the  International  Committee  on  the  photographic  chart 
of  the  sky.  This  report  is  full  of  interesting  matter  on  the  subject  of  stellar 
photography,  and  covers  135  pages.  The  eighteen  observatories  are  all 
ready  to  begin  the  actual  wotk,  i  aving  already  taken  a  number  of  satisfac- 
tory trial  plates. 

The  following  table  gives  the  list  of  Observatories,  their  latitudes,  the 
zone  of  skj'  assigned  to  each  and  the  number  of  plates  required  to  cover 
each  zone : 


Observatories. 

Latitude. 

Zone  in  Decl. 

Number  of  IMates. 

Greenwich 

+  51°29' 

+  90° 

to  -h  65° 

1149 

Rome 

4-41  54 

-h64 

"    +55 

1040 

Catane 

-f  37  30 

-f-54 

"    +47 

1008 

Helsingfors 

-1-60  09 

-1-46 

"    +40 

lOOH 

Potsdam 

4-52  23 

4-39 

"    +32 

1232 

Oxford 

-f  51  46 

-f  31 

"    +25 

1 1  SO 

Paris 

-(-  48  50 

-f  24 

••    +18 

1260 

Bordeaux 

-f  44  50 

-M7 

"    +11 

1260 

Toulouse 

-f  43  37 

+  10 

"    +    5 

1080 

Alger 

-f  36  48 

+    + 

"    -     2 

1260 

San  Fernando 

-1-36  28 

-     3 

"    -     9 

1260 

Tacubaya 

-1-  19  24 

-  10 

"    -  16 

1260 

Santiago 

-  33  27 

-  17 

"    -  23 

1260 

La  Plata 

-  34  35 

-  24 

"    -  31 

1360 

Kio-dejaneiro 

-  22  54 

-  32 

'•    -  40 

1376 

Cape  of  Good  Hope  —  33  50 

-  41 

"    -  51 

1512 

Sydney 

-  33  52 

-  52 

"    -  64 

1400 

Melbourne 

-  37  50 

-  65 

"    -  90 

1149 

H.   C.    W. 

Lightning  Spectra.  We  have  been  greatly  interested  in  the  study  of 
lightning  iii>cctra,  as  carried  on  by  Mr.  W.  H.  Wood,  of  Washington,  D.  C. 
Below  we  give  a  iwrtion  of  a  recent  private  letter  from  him  on  this  subject. 
AlthouKh  not  written  for  publication  we  are  sure  it  will  interest  students  in 
■pectroicopy,  and  probably  lead  Home  of  the  more  experienced  workers  to 
aid  him  by  answering  hit  pertinent  queries:— 


News  and  Notes.  379 


In  the  August  (1890)  number  of  The  Messenger,  place  was  given  to 
some  "preliminary"  observations  on  "Lightning  Spectra,"  made  !»%•  the 
Browning  spectroscope.  Since  that  time,  I  have  pursued  the  subject,  and 
with  the  assistance  of  a  well  supplied  laboratory  belonging  to  Mr.  W.  K. 
Carr  of  this  city,  and  which  has  an  imposing  array  of  electrical  appliances. 
Geisler  tubes,  etc.,  I  have  considerably  advanced  my  knowledge  of  electric 
spectra  of  all  kinds,  and  which  I  find  exceedingly  interesting.  But  to  be 
brief— I  must  modify  somewhat  the  earlier  observations,  which,  it  will  be 
remembered,  were  preliminary  only.  I  am  now  prepared  to  say,  that 
lightning  spectra  present  but  the  characteristic  lines  of  oxygen,  hydrogen, 
nitrogen,  and  carbonic  acid,  and — what  was  puzzling  to  me  — the  line  of 
the  vapor  of  sodium.  The  absorption  bands,  which  I  find  in  lightning 
spectra,  I  think  might  be  produced  by  the  moisture  in  the  air,  a  large  quan- 
tity being  pres^ent  during  thunder  storms.  I  can  account  for  the  sodium 
line  in  several  waj's.  namely : 

1st.  Dust,  containing  earthl}'  vegetable  matter,  held  in  susjjension  in 
the  atmosphere. 

2d.  Vapor  carried  by  winds  from  the  ocean,  into  the  vortex  of  the 
storm  and  containing  salty  material. 

3d.    The  presence  of  sodium  as  an  element  of  the  atmosphere. 

I  favor  this  point  because  I  can  get  the  sodium  line  not  only  by  means 
of  an  electric  flash  in  any  state  (with  the  exception  possibly  of  the  spark  in 
vacuo  which  I  have  not  yet  obtained,)  in  the  atmosphere,  but  I  have  no- 
ticed that  in  purest  states  of  the  air,  when,  I  considered  the  presence  of 
dust  of  any  kind  to  be  almost  beyond  detection,  that  a  Bunsen  burner  will 
give  the  D  line  many  times  during  a  period  of  one  minute.  Of  course  the 
'ine  given  was  extremeh'  faint,  but  certainly  present. 

4th.  It  might  be  finally  ascertained  that  the  sodium  line  was  a  feature 
of  the  electric  spark  in  all  of  its  various  apparitions.  This  is  not  improb- 
able, for,  if  the  two  poles  of  a  weak  battery  be  brought  in  contact  with  the 
tongue,  while  no  shock  might  result,  a  i>ecular  taste  is  left,  proving  some 
chemical  action.  Since  the  spark  of  an  electric  machine  gives  the  sodium 
line  equally  with  the  spark  from  a  chemical  solution  battery,  it  would  be 
unwise  to  say  that  the  sodium  line  originated  from  the  chemicals  compose 
ing  the  battery  solution.  The  greatest  obstacle  appears  to  be,  the  pro- 
duction of  a  spark  free  from  metallic  influences  originating  from  the  elec- 
trodes; for  no  matter  how  we  produce  the  spark  it  will  be  subject  to  the 
influences  of  whatever  electrode  we  use.  At  present  I  can  think  of  noth- 
ing suitable  to  use  for  the  purpose.  Perhaps  some  one  might  suggest- 
something  out  of  which  to  form  the  electrodes,  and  which  would  positively 
give  off  no  sodium  vapor.  If  so,  I  shall  be  pleased  to  continue  the  investi- 
gation, for  I  am  anxious  to  find  whether  or  not  the  origin  of  the  D  line 
visibility  lies  in  the  electric  spark. 

5th.  The  last  I  shall  offer,  and  to  me  the  most  reasonable  of  all,  is 
this:  It  is  an  accepted  fact  that  there  is  precipitated  on  the  earth's 
surface,  daily,  great  quantities  of  meteoric  matter,  popularly  called  "  star 
dust."  Such  spectroscopic  examinations  as  have  been  made  of  some  of 
this  meteoric  matter  by  Lockj'er  and  others,  have  shown, — if  I  remember 
correctly— that  sodium  vapor  is  always  present.    Now,  much  of  this  stel- 
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lar  dust  is.  on  account  of  its  extreme  fineness,  held  in  suspension  in  the  at- 
mosphere ;  and  those  particles  which  obstruct  the  passage  of  the  electric 
spark,  in  the  case  of  lightning  are  readily  vaporized,  and  the  familiar  so- 
dium line  attests  the  presence  of  these  particles.  Accepting  the  theory  that 
the  atmosphere  is  at  all  times  laden  with  meteoric  particles  in  a  state 
more  or  less  denseh'  situated,  ^ve  need  not  wait  for  lightning  to 
prove  it,  but  we  can  with  an  ordinary  Bunsen  burner,  at  well  chosen  times 
of  serenitj'  of  the  atmosphere,  attest  the  evidence  of  lightning  spectra.  In 
order  to  more  fully  investigate  this  point,  I  shall  continue  a  series  of  ob- 
servations with  the  Bunsen  burner,  and,  if  possible,  with  the  electric  spark, 
in  this  manner:  I  shall  arrange  an  apparatus  at  the  top-most  platform  of 
the  dome  of  the  capitol  building,  and  shall  choose  an  earh'  morning  hour — 
say  from  two  to  four  o'clock — at  such  time  as  the  atmosphere  shall  have 
been  in  a  quiescent  state  for  some  hours  One  can  readily  see,  that  bj"  such 
an  arrangement  I  shall  attain  the  most  perfect  results.  The  dust  raised 
from  the  earth  by  vehicles  and  winds  during  the  day  will,  with  a  few 
hours,  atmospheric  rest,  to  a  great  extent — if  not  wholly — subside,  and 
come  to  rest  at  the  earth's  surface.  Now  if  this  meteoric  dust  be  continu- 
allj-  precipitated,  it  is  obvious  that  it  will  be  alwaj's  present,  and  falling, — 
the  supplv  coming  from  above.  I  am  confident  that  if  this  sodium  line  fail 
or  become  extremely  weak  at  such  times,  that  I  must  look  for  its  origin 
elsewhere:  and  if  1  get  it  at  all  times,  even  when  exposed  plates  of  glass  fail 
to  catch,  by  their  prepared  surfaces  particles  of  matter  of  earthly  origin, 
(and  easily  analyzed  as  such  Ijy  a  series  of  such  plates  prepared  at  difterent 
times.)  lean,  determine  close!  j' the  origin  of  that  sodium,  and  further  con- 
sideration will  show  you  that  I  can  prett}'  closel}'  determine  with  the  gas 
flame  and  spark  whether  or  not  the  sodium  line  belongs  to  electricit}-. 


That  Wondnrful  Niagara  Meteor.  Often  in  popular  works  on  astronomy, 
and  far  too  frequently  in  astronomical  text  books,  we  find  stated  as  a  fact 
that  during  the  great  star-shower  of  Nov.  13.  1833,  a  meteor  hung  over  Ni- 
agra  Falls  for  half  an  hour  and  emitted  radiant  streamsof  ligt  t.  A  greater 
absurdit}'  than  this  never  lound  its  way  into  publication.  The  originator 
of  the  tale  probably  thought  that  celestial  visitants,  as  well  as  mundane  in- 
habitants, ought  to  feel  the  entrnncement  of  the  wonderful  beauty  of  the 
cataract,  and  that,  therefore,  this  one  determined  to  halt  and  devote  a  half 
an  hour  to  its  inspection.  But  though  the  sensational  writer  was  thus 
particular  in  relating  the  time  of  its  lingering  over  the  Palls,  he  unfortu- 
nately omitted  to  tell  us  how  near  it  approached  them  and  whither  it  be- 
took itself.  It  is  difficult  to  treat  with  seriousness  a  story  so  at  variance 
with  our  knowledge  of  the  behavior  of  mctcoroids  when  they  enter  the  at- 
moBphcre.  Those  only  which  emanate  cxactls-  from  the  radiant  n])pear  to 
stand  still,  and  these  arc  visible  for  only  about  a  single  second,  instead  of  a 
half-hour,  and  during  that  brief  interval  they  are  estimated  to  move  with 
a  ipccd  cf|unl  to  the  sum  of  the  velocities  of  both  the  earth  and  the  meteor, 
which  rate  of  motion  must  be  so  cnornnisly  increased  I)y  the  earth's  attrac- 
tion an  to  cauHc  it  to  approach  tlie  earth  from  TT)  to  100  miles  per  second. 

It  chanced  that  I  was  an  f)l)servcr  of  the  unexampled  meteoric  display 
of  1K33,  at  a  point  Hiifficiently  near  the  TallH  to   have  witnessed  such  a 
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sight  had  it  existed,  but  nothing  of  the  kind  was  seen  b}'  anyone  of  a  group 
of  a  half  dozen  of  people  who  observed  it  with  me.  Evidently  this  story 
should  be  relegated  to  that  large  class  of  astronomical  myths  which  too 
many  times  pass  current  as  facts. 

A  large  meteor  may  have  exploded  over  the  locality,  and  the  debris 
have  been  seen  for  the  time  named,  a  phenomenon  occasionally  witnessed 
as  I  myself  saw  at  the  return  of  the  shower  in  1867.  Lewis  Swift. 

Warner  Obs'y,  Rochester,  N.  Y,,  July  16,  1891. 


Solar  Disturbances  and  Terrestrial  Magnetism.  In  The  Sidereal  Mes- 
senger for  November,  1889, 1  called  attention  to  a  ]:>eriodicity  of  the  aurora 
at  intervals  of  "twenty-six  or  twenty-seven  days."  By  the  aid  of  longer 
lists  of  auroras  and  an  improved  method  of  tabulation  this  period  has  been 
amended  by  successive  approximations  until  twenty-seven  days,  six  hours 
and  forty  minutes  has  been  secured  as  the  final  result,  which  corresponds 
precisely  to  the  most  generally  accepted  value  for  a  synodic  revolution  of 
the  sun  as  determined  from  the  average  rate  of  movement  of  sun-spots. 
Tables  showing  the  numbers  of  stations  reporting  auroras  each  day  in 
all  accessible  lists  have  been  constructed  at  this  interval  for  nearly  two 
hundred  years  and  the  periodicity  described  is  evident  more  or  less  through- 
out. Cumulative  evidence  has  been  secured  also  to  the  effect  that  it  is  when 
disturbed  areas  are  at  or  near  the  eastern  limb  appearing  by  rotation  that 
they  have  the  power  of  producing  magnetic  phenomena  chiefly  if  not  ex- 
clusively. Certainly  the  recurring  outbursts  of  auroras  are  of  such  brief 
durations  as  to  demonstrate  clearly  that  the  originating  solar  disturbances 
have  this  power  during  a  very  limited  portion  only  of  each  transit.  Some 
months  since  Professor  C.  A.  Young  wrote  to  me  stating  in  substance  that 
in  view  of  these  results  it  becomes  necessary  to  admit  that  the  sun  has  more 
coherence  than  has  been  supposed,  and  that  it  may  even  contain  a  solid 
nucleus.  He  stated  further  that  a  few  years  since  he  would  have  said  that 
it  makes  no  difference  whether  a  solar  disturbance  is  on  the  earth-ward  side 
of  the  sun  or  not  so  far  as  magnetic  effect  is  concerned,  but  that  now  it  be- 
comes necessary  to  admit  that  this  power  of  solar  disturbances  is  related 
to  their  visibilit\^  He  also,  asked  whether  I  had  any  objection  to  his  refer- 
ing  to  this  point  in  an  article  which  he  was  writing  at  the  time.  Pre- 
sented in  this  way,  and  with  this  qualification,  I  had  no  objection  to  offer. 
Unfortunately  I  have  not  seen  Professor  Young's  article,  but  I  presume  that 
a  note  in  The  SiDERE.\L  Messenger  for  May,  at  page  250,  refers  to  it,  stat- 
ing as  it  does,  that  "Professor  Young  has  recently  called  attention  to  the  re- 
discoverj'  in  the  United  States  that  there  is  a  connection  between  visibility 
from  the  earth  of  solar  disturbances  and  terrestrial  magnetism."  As  it 
seems  to  me  a  statement  so  indefinite  as  this  in  regard  to  the  nature  of  the 
connection  referred  to  is  liable  to  have  various  meanings  read  into  it  and 
to  be  misconstrued.  It  is  evident  from  what  has  been  said  above  that  the 
magnetic  effect  of  solar  disturbance  is  not  dependent  simply  upon  their  visi- 
bility, otherwise  this  effect  would  continue  as  long  as  they  are  in  sight  on 
the  earth-ward  side  of  the  sun,  which  is  most  decidedly  not  the  case.  In 
deed  there  is  positive  proof  in  the  tables  referred  to  that  we  roust  look  else- 
where than  to  light  radiations  for  the  means  of  conveyance  of  magnetic  im- 
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pulses  from  sun  to  earth.  It  would  be  premature  perhaps  to  enter  upon 
the  detailed  discussion  of  this  proof  which  is  in  process  of  investigation 
rather  than  at  the  stage  at  which  the  announcement  of  conclusions  is  war- 
ranted. It  will  be  found  ere  long,  I  think,  that  the  subject  is  a  very  live  one 
and  I  should  be  well  pleased  to  have  the  benefit  of  any  contributions  which 
Mr.  Sherman,  whom  you  mention  in  the  note  above  quoted,  or  any  one  else, 
may  be  prepared  to  make  to  it. 

May  4-,  1891. 

Since  sending  the  letter  of  May  -tth  I  have  seen  the  article  of  Professor 
Young's  mentioned  in  it.  I  find  that  he  is  of  the  opinion  that  my  results  in 
regard  to  a  periodicity  of  the  aurora  corresponding  to  the  time  of  a  revolu- 
tion of  the  sun,  as  viewed  from  the  earth,  are  consistent  with  certain  dis- 
coveries of  Herz  in  regard  to  magneto-electric  properties  of  light.  After 
very  careful  study  of  the  various  pecularities  of  this  periodicity  I  am  very 
decidedly  of  the  opinion  that  the  solar  impulses  originating  terrestrial 
magnetic  phenomena  are  not  conve3-ed  either  as  light  or  heat  in  any  form 
whatever.  My  reasons  will  become  apparent  soon,  I  hope,  when  a  portion, 
at  least,  of  the  tables  upon  which  the^'  are  based  shall  have  been  published, 
together  with  the  necessarj'  comments  and  explanations.  I  am  very  much 
pre-occupied  and  the  necessar\'  clerical  work  of  arranging  the  data,  etc.,  is 
slow.  I  trust,  however,  to  have  the  results  in  such  shape  that  they  may  be 
verified  by  anyone  who  cares  to  look  into  the  matter  ere  long.  I  am  be- 
coming more  and  more  convinced  that  these  results  are  destined  to  have  a 
ver}'  important  bearing  upon  meteorology.  M.  A.  Veeder. 

May  15,  1891.  ' 

Observatory  of  the  University  of  Mississippi.  It  may  interest  the  read- 
ers of  your  very  valuable  "Messe.nger"  to  know  that  the  University  of 
Mississippi  has  arranged  with  the  establisment  of  Sir  Hownrd  Grubb  for 
the  construction  of  an  instrument  that  will  be  capable  of  doing  good  work. 
It  is  to  be  of  the  "  twin  ecjuatorial  "  type  after  the  style  of  the  instrument 
planned  by  Janssen  at  Meudon,  and  will  consist  of  a  15-inch  visual  tele- 
scope and  a  9-inch  photographic  telescope,  side  by  side,  on  the  same  sup- 
port and  controlled  by  the  same  mechanism.  The  instrument  will  be  pro- 
vided with  every  useful  device  that  Grubb  has  used  successfully  with  his 
larger  instruments.  Work  ujmn  it  has  been  i)rogressing  satisfactorily  for 
two  months,  and  it  is  cxjwcUd  to  lie  in  i)lace  about  May  1st,  1892.  It  will 
occupy  the  pier  built  for  the  18Vl>-inch  equatorial  now  at  Dearborn  Observ- 
atory, which  was  constructed  by  Aivan  Clarke  iK:  Sons  for  the  University  of 
Mississippi  under  the  direction  of  Dr.  P.  A.  I*.  Harnanl.  lJj)on  its  comple- 
tion in  IHVt'J,  Dr.  Marnard  very  i)roi)crly  advised  the  makers  to  disjjosc  of  it 
as  they  thought  Ijest,  as  nothing  had  Ix'cn  paid  them,  and  the  war  rendered 
its  final  acceptance  by  the  University  of  Mis8issip|)i  doubtful.  While  we 
will  not  have  now  what  we  would  have  hod  in  I8r)2,— the  leading  telcsco|)e 
in  America,— it  is  exi)ccted  that  the  purchase  of  the  new  instrument  will 
mark  the  Ix'ginning  again  of  astronomical  work  that  has  been  interrupted 
mofiy  years  by  war  and  consapicnt  financial  inability.  We  need  further 
cc|ui]uncnt,  but  men  of  wealth,  and  liberal  men  of  wealth,  arc  not  numerous 
in  this  section,  so  we  arc  by  degrees  wctrUing  up  to  the  expectations  of 
thirty  years  ago.  K.  li.  rtxTON. 

University  Mississippi,  July  fl,  1801. 
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Small  Telescopes  Bought  and  Sold.  We  have  had  so  much  correspon- 
dence about  small  teIescoi)es  during  the  last  year  that  we  have  decided  to 
devote  one  or  more  of  our  advertising  pages  to  information  of  this  kind, 
especially  in  regard  to  second-hand  telescoijes,  in  the  interest  of  those  who 
wish  to  buy  or  to  sell  such  instruments.  Naturally  enough  persons  who 
wish  to  buy  such  telescopes  are  timid  lest  they  be  cheated  in  the  ojjeration. 
We  cannot  recommend  a  tclescoT>e  that  we  have  not  seen  and  so  we  have 
been  unable,  in  many  instances,  to  help  persons  in  this  way  who  really 
need  aid. 

Now,  we  make  this  suggestion:  That  any  person  having  a  good, 
second-hand  telescope  who  wishes  to  sell  it,  may  try  to  do  so  through  our 
agency,  for  new  and  second-hand  instruments.  The  telescoi>e  should  be 
sent  to  "Goodsell  Ohservatory  of  Carleton  College,  Northfield,  Minn.," 
transportation  prepaid,  and  we  will  give  it  a  careful  examination  and 
publish  an  account  of  its  condition  and  the  owner's  terms  of  sale. 

In  case  of  sale  we  will  charge  ten  i)er  cent,  for  all  values  under  $5{)(). 
For  values  over  $500  sjiecial  arrangements  will  be  made.  If  an  instrument 
is  not  sold  within  four  months  it  will  l^e  returned  at  owner's  exi>ense  and 
no  charge  will  be  made  for  examination  and  advertising.  If  the  owner  stil' 
wishes  to  keep  his  instrument  in  the  agency  for  sale,  special  arrangements 
to  that  effect  may  be  made.  Correspondence  is  therefore  solicited  from  all 
persons  wishing  either  to  sell  or  to  buy  second-hand  astronomical  instru- 
ments.   

Professor  Geo.  E.  Hale  has  recenth'  been  elected  Professor  of  Physics  at 
Beloit  College,  Wis.,  and  also  lecturer  on  the  same  subject  at  the  North- 
western Universit}'.  Professor  Hale's  jiresent  plan  is  to  furnish  a  course  of 
lectures  on  physics  for  the  coming  year  at  Beloit  College,  and  to  give  a 
shorter  course  to  Professor  Hough's  students  in  the  Northwestern  Univer- 
sity.   

School  of  Pure  Mathematics  and  Practical  Astronomy.— In  this  num- 
ber will  be  found  a  provisonal  Course  of  Study  for  another  department  of 
work  undertaken  at  the  Goodsell  Observatory  of  Carleton  College.  One 
class  of  two  members  has  already  been  pursuing  this  course  during  the  last 
year.  Another  class  will  form  at  the  ojiening  of  College  in  September  next. 
We  do  not  know  of  an  Observatory  in  this  country  where  a  student  can 
pursue  a  course  of  post-graduate  study  in  Mathematics  and  Astronomy 
more  favorably  or  more  systematically  than  at  Goodsell  Observatory. 
Correspondence  is  solicited  with  persons  who  are  Bachelors  of  Arts  or 
Bachelors  of  Science  from  Colleges  of  good  standing,  wishing  further  study 
in  these  branches. 


BOOK  NOTICES. 


Lessons  in  Astronomy  Including  I'ranography.   A  brief  introductory  course 

without  mathematics,  for  use  in  schools  and  seminaries.     By  Charles  A. 

Young.  Ph.  D.,  LL.  D.    Publishers,  Messrs.  Ginn  &  Companj-,  1891. 

pp.  357. 

This  new   book  was  written  to   meet   the  want  of  certain  classes   of 
schools  which  find  the  author's  "  Elements  of  Astronomv"  rather  too  hard 
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for  their  courses  and  pupils.  From  a  full  examination  of  the  book,  it  is  evi- 
dent that  the  whole  matter  has  been  carefully  worked  oyer,  simplified  and 
re-written,  to  adapt  it  to  wants  of  that  ojrade  of  pupils  for  which  it  is  in- 
tended. In  this  work  we  feel  sure  Professor  Young  has  done  better  for  these 
pupils  than  he  himself  believes,  judging  from  the  semi-apology  he  makes  for 
the  book  in  the  preface. 

It  is  so  easy  for  the  experienced  scholars,  writers  and  teachers  in  higher 
branches  to  forget  the  many  difficulties  that  the  student  meets  in  his  first 
attempts  at  elementarj'  work,  that  thev  are  in  danger  of  requiring  con- 
stantly too  much  of  the  beginner.  The\'  expect  such  to  know  too  much,  or 
to  acquire  new  things  too  easily.  Now  we  have  had  the  impression  that 
our  distinguished  author  has  been  just  a  little  at  fault  in  this  direction,  and 
that  his  standard  in  cill  three  of  his  books  on  .\stronomy  is  a  little  severe 
for  the  grade  of  scholarship  for  which  they  are  respectively  written.  This, 
we  know,  is  a  good  fault,  and  one  greatly  to  be  preferred  to  weakness  of 
subject-matter  in  a  text-book.  A  tendenc}',  even,  to  such  an  extreme  rightly 
would  disgust  a  good  teacher,  and  a  change  of  book  would  soon  be  the 
remedy. 

The  first  chapter  is  devoted  to  fundamental  notions  and  definitions, 
and  then  follows  a  very  useful  chapter  on  Uranagraphy,  in  which  is  given  a 
brief  description  of  sixty-six  constellations,  with  four  double  page  maps, 
showing  how  they  are  related  and  all  the  stars  properly  designated,  down 
to,  and  incliding,  the  fifth  magnitude.  At  the  close  of  this  chapter  is  a 
table  containing  the  names  of  the  constellations,  the  right  ascension  and 
declination  of  each  and  the  number  of  stars  in  each,  also.  Any  student  with 
this  little  book  in  hand,  may  locate  most  of  these  constellations  and  a  larger 
part  of  the  1688  stars  to  be  found  in  them  on  these  maps.  That  chapter 
alone  is  worth  many  times  the  book  to  any  one  who  wants  to  make  a 
naked  eye  study  of  the  heavens. 

The  other  features  of  the  book  are  those  common  to  a  good  elementary 
text,  except  that  the  latest  information  from  all  lines  of  active  study  in  the 
various  branches  of  astronomy,  is  found  in  its  proper  place.  It  seems  to  us 
that  teachers  of  almost  any  grade  of  class  in  Astronomy  will  find  this  book 
a  very  useful  one  for  reference. 


A  Higher  Algebra,  by  G.  A.  Went  worth.  Professor  of  Mathematics  in  IMiilip 
Exeter  Academy,  Boston,  Mass.,  half  morocco,  528  pages.  Mailing 
price  $1.55,  for  introduction,  $1.40. 

This  new  book  is  designed  to  prepare  for  colleges  and  scientific  schools, 
and  to  furnish  in  addition  what  is  needed  for  t\\t:  general  student  in  such  in- 
stitutions. It  is  equivalent  to  the  author's  Complete  Algebra,  and  goes 
farther  in  some  things,  and  in  some  other  respects  is  letter.  It  is,  of  course, 
more  complete  than  the  School  Algebra.  It  i)rovidcs  in  a  single  book  a 
course  parnllcl  to  both  the  School  and  College  AIgel)ra.  It  is  an  Algebra  that 
teachers  will  do  well  to  examine,  for  its  author  is  one  of  the  most  jiopular 
writers  in  the  line  of  school  and  college  text-books  in  muthcnuiticsthat  our 
coantt7  can  boast  ot. 
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STANDARDIZING  PHOTOGRAPHIC    FILMS    WITHOUT    THE    USE 
OF  A  STANDARD  LIGHT.* 


PROFESSOR  FRANK  H.    BIGELOW. 


The  employment  of  photographic  effects  as  the  means  of 
measuring  photometrically  the  intensity  of  the  light  emitted 
by  an  object,  has  for  a  number  of  years  engaged  the  atten- 
tion of  many  experimenters.  On  the  whole,  with  the  accu- 
mulation of  practical  experience,  the  problem  does  not  look 
to  be  so  easy  of  solution  as  was  originally  supposed.  This 
is  due  to  the  obscurity  surrounding  the  nature  of  the  action 
of  light,  when  it  impinges  upon  the  molecules  of  the  sub- 
stance to  be  chemically  affected,  to  our  ignorance  of  the  fun- 
damental law  that  governs  the  density  deposit  as  a  function 
of  the  time  or  of  the  quality  of  the  light,  and  to  an  uncon- 
trollable variation  in  the  effects  that  are  presumably  derived 
from  uniform  conditions. 

In  May,  1890,  I  published  Bulletin  No.  16  of  U.  S.  Scien- 
tific expedition  to  West  Africa,  wherein  I  express  a  view 
regarding  this  subject  which  I  should  like  to  see  worked  out 
to  a  practical  conclusion.  Since  that  time  no  little  evidence 
has  been  produced  which  strengthens  my  original  solution, 
and  I  propose  in  this  paper  to  bring  the  main  points  togeth- 
er in  a  general  statement  of  the  case. 

The  first  point  to  be  taken  up  is  the  general  nature  of  the 
operation  by  which  light  is  able  to  produce  a  deposit  of 
atoms,  or  a  change  in  certain  sensitive  chemical  substances. 
The  view  which  seems  to  give  the  greatest  satisfaction  to 
students  may  be  summarized  briefly  as  follows:  A  certain 
substance  is  what  it  is,  because  the  atoms  which  compose  it 
by  unknown  causes,  are  constrained  to  circulate  or  oscillate 
about  each  other  in  paths  or  orbits  having  definite  ampli- 

*  Read  before  the  American  Association  for  the  Advancement  of  Science 
at  the  Washington  Meeting  Aug.  20,  1891. 
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tudes  and  periods;  the  first  grouping  of  the  atoms  forming 
molecules  and  further  groupings  constituting  the  substance. 
This  periodic  motion  would  go  on  forever,  unless  energy 
were  conveyed  to  it  from  the  outside  by  some  process,  and  if 
this  energ3'  is  of  the  right  kind  it  will  disturb  the  periodic 
nature  of  the  action.  When  the  energy  arrives  in  the  form 
of  the  light  waves  of  the  ether,  we  apply  a  very  restricted 
class  of  forces  out  of  all  that  the  ether  may  contain,  but  to 
some  of  the  spectrum  waves  the  atomic  period  becomes  sen- 
sitive by  an  accumulation  of  the  impacts  of  the  right  type, 
while  to  others  it  is  wholly  indifferent.  Thus  it  is  that  cer- 
tain chemicals  respond  to  given  waves  but  are  not  influenced 
by  others,  and  hence  arises  the  method  of  selective  responses 
in  the  action  of  light.  If  the  right  waves  beat  upon  the 
right  atomic  period,  they  tend  to  change  the  path  by  ex- 
pansion or  contraction,  till  at  last  its  original  force  is  over- 
come and  it  takes  on  an  orbit  of  another  type;  and  the 
molecule  being  shattered,  sets  free  or  deposits  an  atom,  at 
least  so  far  as  the  original  elements  are  concerned. 

The  question  arises  here  as  to  the  nature  of  the  law  of  the 
decomposition  in  its  relation  to  time.  We  exclude  from  our 
discussion  that  source  of  variation  which  arises  from  a 
change  in  the  light,  or  from  using  at  one  time  certain  wave 
lengths,  and  at  another  time  other  wave  lengths.  It  is 
clear  that  the  results  of  different  waves  acting  upon  the 
same  atoms,  must  vary  by  a  complex  system  of  laws,  of 
which  we  cannot  hope  to  gain  a  conception  until  we  under- 
stand the  true  laws  of  natural  substance.  Let  us  fix  our 
ideas.  Suppose  we  have  100  atoms  forming  twent3'-five 
groups  or  molecules,  circulating  by  the  law  of  the  sub- 
stance. If  waves  of  H  length  infringe  upon  them,  how  will 
they  be  deposited  or  broken  up.  Some  have  said  that  the 
rule  is  "  the  deposit  is  proportional  to  the  time;"  in  the  first 
second  of  time  one  molecule  will  be  broken  up,  in  the  next 
second  one  more,  and  so  on,  so  that  at  the  end  of  twenty- 
five  seconds  all  will  be  broken  up.  I  do  not  think  that  this 
is  the  correct  view,  although  it  is  the  prevailing  one,  and 
has  on  its  side  learned  men  as  its  advocates. 

There  is  another  mode  of  looking  at  the  law  connecting 
the  cause  and  the  effect  in  this  case.  If  in  the  first  second 
one  molecule  is  broken  up,  the  energy  of  the  light  wave  has 
been  able  to  shatter  one  twenty-fifth  of  the  total  group. 
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During  the  next  second  the  light  remains  the  same,  but 

there  are  only  twenty-four  molecules  to  work  on,  and  we 

shall  get  not  one  molecule  but  ||  of  a  molecule;  or  in  other 

words,  it  requires  a  little  more  than  one  second  to  pull  to 

pieces  the  next  molecule.    This  is,  we  may  suppose,  due  to 

the  fact  that  in  the  first  second  the  easiest  to  break  up  gives 

way  first;    the  remaining  substance  now  diflfers  from  its 

original  condition  by  this  loss  and  by  the  strain  introduced 

into  the  system  by  it.    Hence  the  work  is  becoming  more 

difficult  all  the  time,  in  this  pari  passu  proportion. 

Now  resorting  to  mathematics: 

Let    F^  =  the  initial  energy  in  the  system. 

Let    F  =  the  energy  remaining  after  the  interval  of  time  t, 

m  —  the  modulus  of  the  decay  of  the  s\'stem, 

dF 

^—  =  —  mF  ,  at  any  instant  of  time. 

-p  -  -  '"^^• 
log  F  =  —  mt  +  C. 

Ift  =  0,  C  =  ]ogF,. 
log  F   =  log  F^  —  mt. 

F 
log^  —  —  mt. 

^  1 

F  =F,e-"'' 

The  energy  at  the  end  of  an  interval  t  equals  the  original 
energy  multiplied  by  the  Naperian  base  raised  to  the  nega- 
tive power  mt. 

This  is  the  law  that  expresses  the  change  in  several  well 
known  physical  processes,  as  for  example  the  dissipation  of 
heat  by  radiation,  the  decay  of  an  electric  current  by  the  re- 
sistance of  the  conductor  in  which  it  resides. 

In  a  paper  on  the  **  determination  of  the  relation  between 
the  exposure-time  and  the  consequent  blackening  of  a  photo- 
graphic film,"  in  No.  6  Publication  A.  S.  P.,  Mr.  Leuschner 
quotes  Captain  Abney  as  having  said,  at  the  meeting  of  the 
British  Association  1889  (p.  493  Report),  that  his  experi- 
ments showed  "that  the  intensity  was  proportional  to  the 
time  without  limitation."  This  must  be  an  error  on  Mr. 
Leuschner's  part,  for  I  find  that  the  report  says,  **  the  de- 
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posit  of  silver  made  by  different  intensities  of  light  varies 
directly  as  the  intensity  of  the  light  acting."  This  is  a 
wholly  different  statement.  The  density  may  be  propor- 
tional to  the  intensity  of  the  light,  but  it  is  not  proportion- 
al to  the  exposure-time,  using  the  same  light.  Indeed 
Captain  Abney  used  a  formula  similar  to  the  one  I  propose, 
namely :     T  =  T:-/'^S     T  =  total  transparency, 

T^^  transparency  after  time  x, 
X  =  some  power  of  2. 

My  statement  of  the  law  is  different  from  Captain  4^)- 
ney's,  but  this  is  only  a  question  of  analysis,  and  we  both 
differ  from  those  who  assume  that  the  intensity  is  propor- 
tional to  the  time. 

In  his  paper  Mr.  Leuschner  describes  his  experiments  for 
testing  the  question,  and  concludes,  "  the  law  that  the  black- 
ening of  the  film  is  proportional  to  the  exposure  time  is 
confirmed  within  the  limits  of  two  seconds  and  eight  sec- 
onds (within  the  limits  of  accidental  errors)."  The  range  is 
too  narrow  to  uphold  the  law,  and  the  accidental  errors  are 
really  quite  large,  so  that  the  case  is  whoUj-^  made  out 
against  the  commonly  accepted  view  of  the  subject. 

In  passing  I  will  call  attention  to  the  unsatisfactory  con- 
dition of  the  subject  as  developed  by  the  observers  at  Mt. 
Hamilton.  Mr.  Leuschner  shows  that  great  variations 
exist  on  the  surface  of  the  same  photographic  film ;  that  is 
to  say,  if  the  plate  is  subdivided  into  squares,  there  is  no  as- 
surance that  an}'  two  squares  will  give  the  same  density 
when  treated  as  nearly  alike  as  possible  during  the  opera- 
tions. Some  squares  were  found  to  be  from  two  to  three 
times  as  dark  as  others  exposed  for  the  same  length  of  time. 
This  difference  of  density  was  due  to  changes  in  the  sensi- 
tiveness of  the  film  in  different  parts,  as  well  as  to  changes 
in  the  brightness  of  the  standard  llamc.  In  a  word  the  ex- 
perimenter is  by  no  means  sure  of  knowing  the  conditions 
under  which  he  is  working.  The  quality  of  the  plate  is  not 
uniform  and  the  light  is  not  constant.  To  show  the  general 
hopelessness  of  standardizing  plates  on  the  old  plan,  I  will 
quote  the  result  of  the  experience  of  the  Cayenne  eclipse 
party  of  Dec.  22,  1889.  The  following  table  exhibits  the 
treatment  to  which  ten  Seed  plates,  sensitometer  No.  26, 
were  subjected,  being  standardized  by  squares  exposed  to  a 
standard  light  in  the  usual  manner: 
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1 

Standard  Squares  Sept.  24,  1889. 
2                                          3 

4 

5 

A 
B 

Sent  to  Cayenne 
and  returned  to 
Lick  0. 

Developed  on  Dec.  24,  at  Cay- 
enne. 

5 
6 

7 
8 

3 

4 

9 

10 

1 
2 

A  =  0.94  J 
B  =  0.92J 

C 
D 

Developed    on    Mar.    17,    at 
Lick  Observatory. 

C  =  0.55J 
D  =  0.79J 

E 
F 

Remained  at  the 
Lick  0. 

Developed  on  Dec.  22,  at  Lick 
Observatorv. 

E  =  i.28  r 

F  =  1.01J 

G 
H 

Developed  on  Mar.  17  at  Lick 
Observatorv. 

G  =  0.38J 
H=1.10J 

I 
J 

Developed  on  Sept.  24,  immediatel}'  after  stand- 
ardizing. 

I  =1.00  J 

6 

Additional  Squares  March  16, 
7                                      8 

1890. 

9 

Second  Series. 

First  Series. 

C 
D' 

C'  =  0.61  H' 
D'  =  0.67  li' 

C  =  0.63H 
D  =  0.55  H 

C'  =  0.27J 
D'  =  0.37J 

G' 
H' 

G'  =  0.36  H' 

G  =  1.35  H 

G'  =  0.61  I 
H'=0.45J 

Columns  1  and  6  are  the  plate  marks;  column  2  indicates  the  places  at 
which  the  plates  were  retained;  column  3  gives  the  dates  of  the  develop- 
ment of  the  plates;  column  4  the  order  of  development;  columns  7,  8  and  9 
the  equations  which  represent  the  relative  densities  in  terms  of  J,  H  and 
H'  as  units  b}-  which  comparisons  can  be  made. 

If  the  plates  had  behaved  in  conformity  with  the  uniform 
conditions  which  it  was  intended  to  produce,  if  there  had 
been  no  change  in  the  standard  light  between  the  dates  Sept. 
24,  1889,  and  March  16,  1890,  and  if  the  films  had  been 
homogeneous  throughout  and  had  remained  so,  then  the  co- 
efficients would  have  been  the  same  in  the  whole  set  of  equa- 
tions. We  are  greatly  indebted  to  Professor  Holden  for  ex- 
hibiting so  clearly  the  utter  fruitlessness  of  such  photometric 
work,  when  an  effort  is  made  to  secure  absolute  measures  of 
actinic  brightness.  Professor  W.  H,  Pickering  first  applied 
the  method  to  the  eclipse  of  1886,  and  gave  a  series  of  meas- 
ures of  the  brightness  of  the  corona  in  its  various  parts,  and 
several  other  related  measures  of  sky  light,  moon  light,  and 
such  quantities.  These  measures  would  be  of  great  value  if 
they  were  really  absolute,  inasmuch  as  the  varying  bright- 
ness of  the  corona  could  be  compared  from  time  to  time.  As 
it  is  the  range  in  the  measures  obtained  is  enormous,  and  no 
confidence  can  be  placed  in  the  accuracy  of  the  work.  We 
are  now  in  possession  of  the  argument  sufficiently  to  pro- 
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ceed  to  the  solution  we  propose  for  the  problem.  Resuming- 
the  formula,  we  have  at  the  end  of  the  intervals  t'  and  t"' 
respectively. 

log  R  =  log  F,  —  Tnt\ 
log  F"  =  log  F,  —  mt'\ 

JogF^-jogF;^ 
t''  -  e 

The  equation  F  ==  F,  e  -  "^  is  that  of  a  logarithmic  curve. 
If  we  put  t  =  —  and  F=^  y  ,  we  have  v  =  F  e    "  ,    that    is 

m  =  -  .  Now  n  is  the  constant  subtangent  which  is  char- 
acteristic of  the  curve,  its  reciprocal  being  the  modulus  of 
the  svstem. 


H 

^r™^^i^^^^vpM 

^^^^^^^^^^^^^^^^^^H 

F  =:  the  intercept  of  the  curve  on  r. 

n  =  the  constant  subtangent,  NT,  N'T\ 

X 

=  the  time  of  exposures. 

y  =  the  corresponding  density  products. 
After  two  exposures 

log  F'- log  F"  7 

If  we  have  a  plate  with  a  certain  density  coefficient  -     ,   it 
is  seen  that  two  e.vposures  from  the  same  light  will  produce 
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two  different  density  products  relative  in  this  manner.  Now 
it  is  seen  by  an  inspection  of  the  formula  for  m,  that  we 
have  eliminated  the  original  density  F,,  that  there  is  no  as- 
sumption regarding  the  light  used,  and  that  the  elements  of 
uncertainty  are  reduced  to  a  minimum.  If  different  lights 
were  to  be  used  on  the  same  film,  they  would,  at  the  end  of 
the  intervals  t'  and  t'^  pick  out  two  pairs  of  points  P,  P', 
related  to  each  other  in  such  a  way  as  to  produce  the  same 
modulus  to  the  curve. 

We  therefore  are  reduced  to  two  comparatively  simple 
conditions,  first,  the  accurate  estimate  of  the  interval  of 
time  t"  —  f,  and  second,  the  determination  of  the  quantities 
F'  and  F''.  The  first  we  can  pass  over  as  obviously  with- 
out diflSculty.  The  values  of  F'  and  F''  are  relative 
densities,  and  we  may  suppose  them  closely  relative  to  the 
average  number  of  molecules  thrown  down. 

If  we  take  100  as  representing  the  color  or  the  plate  be- 
fore exposure,  and  0  the  density  color  at  its  maximum,  or 
when  the  light  action  begins  to  reverse  the  density  product, 
we  can  suppose  that  a  visual  scale  from  100  to  0  will  give 
all  the  intermediate  density  shades  perceptible  to  the  eye. 

If  an  exposure  of  10  seconds  gives  a  density  which  matches 
50  on  the  scale,  and  exposure  of  15  seconds  one  that 
matches  40,  we  get : 

1.69897  — 1.60206_0.09691       ^^,„^„ 

ni  — ^  ^      -  ^^ =: :^ —  =:  0.01338 

15  —  10  o 

/I  =  -  z=  9.98661.'  =.  96966, 
m 

which  will  characterize  this  film.  The  serious  task  is  to 
secure  the  standard  scale.  It  will  need  to  be  a  work  of  art 
and  will  require  much  skill  to  produce  it,  for  it  is  well  known 
that  nothing  is  more  vexatious  than  to  produce  evenh' 
graduated  shadings  of  black  and  white.  The  behavior  of 
all  the  parts  concerned  is  often  inexplicable. 

After  duly  considering  the  case,  I  am  incHned  to  think  that 
the  simplest  way  to  get  at  a  scale  will  be  to  make  a  large 
number  of  bits  of  buck  with  varying  shade,  and  then  by 
trial  place  them  along  side  of  each  other  in  the  right  order. 
This  problem  is  so  promising  that  we  may  hope  some  pho- 
tographer will  attempt  to  produce  a  prototype  scale  that 
can  be  used  in  this  connection.  For  it  would  seem,  at  least 
theoretically,  that  this  will  afford  a  means  of  escape  from 
the  very  unsatisfactory  condition  of  affairs  which  how  exists 
either  regarding  the  standardizing  of  plates,  or  as  regards 
the  application  of  photography  to  any  kind  of  photometric 
use. 
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SIR  G.  B.  AIRY. 


The  ninetieth  birthday  of  Sir  G.  B.  Airy  (1891,  July  27)  is 
an  event  of  such  general  interest  that  we  feel  sure  a  brief 
reference  to  its  celebration  by  his  family  and  friends  will 
not  be  deemed  an  impertinence.  Saturday,  July  25,  was 
fixed  for  the  reception  in  honor  of  the  event,  and  Sir  George 
received  in  person  the  congratulations  and  good  wishes  of  a 
large  and  distinguished  compan3-. 

Astronom3'^  was  represented  by  many  familiar  faces,  in- 
cluding those  of  the  Astronomer  Royal,  the  President  of  the 
R.  A.  S.,  and  the  Hydrographer  to  the  Navy.  It  was  de- 
lightful also  to  see  Mr.  Perigal,  who  walked  up  the  hill  with 
almost  a  jaunty  step.  Trinity  College,  Cambridge,  of  which 
Sir  George  is  both  the  oldest  ex-Fellow  and  the  oldest  Hon- 
orary Fellow,  was  represented  by  its  master.  Dr.  Butler. 
There  were  many  other  guests  whose  presence  was  signifi- 
cant, as,  for  instance,  Mr.  Biddell,  who  was  forty  years  ago 
charged  by  Messrs.  Ransomes  and  May  with  the  construc- 
tion of  the  present  Transit  Circle.  He  described  to  a  small 
knot  of  most  interested  guests  the  dismay  of  the  workmen 
and  their  employers  at  the  demands  of  Sir  G.  B.  Airy,  especi- 
ally those  relating  to  the  pivots.  These  were  to  be  of  chilled 
iron,  6  inches  in  diameter,  and  perfect  cylinders  to  with- 
in 37^0  0  i"ch !  No  error  of  this  magnitude  was  to  be  dis- 
cernible with  a  delicate  spirit-level;  and  after  trying  all  the 
most  delicate  methods  of  turning  then  known,  the  requisite 
accuracy  was  obtained  by  sheer  labour— rubbing  down  bit- 
by  bit  all  the  places  which  this  same  spirit-level  indicated  as 
too  high.    Each  of  the  pivots  cost  six  weeks  of  such  labour ! 

Monday,  July  27,  the  actual  anniversary,  was  marked  by 
the  performance  of  a  singularly  appropriate  ceremony.  Sir 
George  turned  on,  for  the  first  time,  the  gas  which  is  to 
illuminate  the  Parish  Church  clock  of  Greenwich,  and  which 
will  now  be  automatically  and  regularly  turned  on  by  the 
clock  during  the  evening  hours.  The  very  hour  (9  o'clock) 
at  which  he  was  thus  once  more  concerned  with  Greenwich 
time  was  curiously  in  keeping  with  the  occasion,  and  the 
excellent  speech  with  which  he  concluded  the  ceremony  bore 
evidence  to  his  marvellous  vigor.  We  sincerely  hope  to  be 
prcHcnt  nt  an  even  more  important  celebration  ten  years 
hcncQ.— Observatory,  August,  1891. 
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SOME  TELESCOPES  IN  THE  UNITED  STATES. 


WM.  H.  KNIGHT. 


For  The  Messenger. 

The  following  partial  list  of  telescopes  in  the  United  States 
is  epitomised  from  materials  I  have  been  collecting  during 
the  past  two  years  with  a  view  to  publishing  a  catalogue  of 
the  observatories  of  the  world,  together  with  their  equip- 
ment and  personel.  In  the  present  list  I  have  included  onh- 
those  instruments  of  which  the  aperture  is  4  inches  or  up- 
wards. 

It  will  be  seen  that  the  twelve  largest  refracting  tele- 
scopes are  those  of  the  Lick  Observatory  with  an  aperture 
of  36  inches,  Yale  University  28,  U.  S.  Naval  26,  Leander 
McCormick  26,  Princeton  23,  Denver  20,  Smithsonian  20, 
Dearborn  18.5,  Carleton  College  16.2,  Warner  16,  Wash- 
burn, 15.5  and  Harvard  15. 

The  largest  reflecting  telescopes  are  those  of  Harvard  Col- 
lege, 28  inches,  and  Rev.  Dr.  John  Peate  22.  Dr.  Peate, 
who  is  an  amateur  maker,  is  now  finishing  up  a  3OV2  inch 
silver-on-glass  mirror,  which  will  be  presented  to  the  Alle- 
gheny College  at  Meadville:  When  mounted  it  will  be  the 
largest  reflecting  telescope  in  this  country.  There  are  nu- 
merous reflectors  made  by  Brashear  from  9  to  12  inches  in 
diameter. 

The  Clarks  are  now  grinding  an  object  glass  of  40  inches 
for  a  telescope  to  be  mounted  in  an  Observatory  yet  to  be 
built  upon  Mount  Wilson  in  Southern  California. 

Though  the  Lick  Observatory  possesses  the  largest  tele- 
scope at  present,  Harvard  College  has  the  best  equipped  Ob- 
servatory for  general  astronomical  work  in  America,  and 
one  of  the  best  in  the  world. 

In  foreign  countries  the  largest  refractors  are  those  at 
Pulkowa,  near  St.  Petersburg,  30  inches,  Nice  29.75,  Vienna 
26.75,  Gateshead  near  London  25,  and  Paris  23.6. 

The  largest  reflectors  are  those  of  Lord  Rosse  in  Ireland 
72  inches,  Melbourne  48,  Paris  47,  Mr,  Common's  in  Eng- 
land 37.5,  another  of  Lord  Rosse  36,  Toulouse  32.4,  Mar- 
seilles 31.5,  Greenwich  28,  and  Cambridge  24. 
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Location. 
Akron,  O. 
Albany,  N.  Y. 

Alfred  Center,  N.  Y. 
Alleghen\',  Pa. 

Amherst,  Mass. 

Annapolis,  Md. 

Ann  Arbor,  Mich. 

Appleton,  Wis. 

Augusta,  Me. 
Baltimore,  Md. 
Baltimore,  Md. 
Baltimore,  Md. 
Baltimore,  Md. 

Baltimore,  Md. 
Baltimore,  Md. 
Beloit,  Wis. 
Berkeley',  Cal. 
Boston.  Mass. 
Brighton,  Mass. 
Brooklyn,  N.  Y. 

Brunswick,  Me. 
Cambridge,  Mass. 


Canidcii,  N.  J. 
Camden,  N.  J. 
Charlottsvillc,  Va. 


Chicago,  III. 
Chicago,  III. 
Cincinnati,  O. 


Clinton,  N.  V. 


Columbin,  Mo. 
Columbuii,  O, 
Crete.  Neb. 
Dnnsvillc.  N.  Y. 

|)CI1VCT,  Col. 

livnnnton,  III. 

I-., I!  |v ;..,...    \f,,,,,. 


Owner. 
Buchtel  College  Observatory 
Dudle\'  Observatory 

.\lfred  Observatory 
Allegheny  Observatory 

Amherst  College  Observatory. 

Annapolis  Observatory 

Detroit  Obs.  of  the  Univ.  of  Mich. 

Underwood     Obs.    of    Lawrence 

Universitv. 
Melville  Smith 
Johns  Hopkins  University 
Geo.  Gildersleve 
Normal  School 
•John  R.  Hooper,  M.  D. 

Denmore  Observatory 

Justice  Stahn 

Smith  Obs.  of  Beloit  College 

Students  Obs.  of  the  Univ.  of  Cal. 

Boston  University 

Kdwin  F.  Saw^'er 

Henr3'  M.  Parkhurst 

Bowdoin  College  Observatory 
Harvard  College  Observatory 


Description. 
4.5-in. 

13-in.  Refractor 
6-in.  Mer.  Circle. 
9-in.  Refractor 
13-in.  Refractor 
10-in.  Reflector 
7.25-in.  Refractor 
6.37-in.  Tran.  Cir. 
7.75-in.  Refractor 
4-in.  Mer.  Circle 
12.4-in.  Refractor 
6-in.  Mer.  Circle 
10-in.  Refractor 
4-in.  Transit  Circle 
8.5-in.  Reflector 
9.5-in.  Refractor 
6.1-in.  Refractor 
6-in. 

5-in.  Refractor 
,4.1-in.  Refractor 
4-in.  Refractor 
6-in.  Refractor 
9.5-in.  Refractor 
6-in.  Refractor 
7-in.  Refractor 
4.37-in.  Refractor 
9-in.  Refractor 

6-in.  Refractor 
28-in.  Reflector 
24-in.  Bruce  Photo, 
la-in.  Refractor 
15- in.  Reflector 
13-in.  Rev.  Photo. 
12-in.  Horizontal 
11-in.  Photo. 
8-in.  Transit  Circle 
H-in.  Photo.  Doub. 
4.25-in.Com.  Seeker 
5. 5-in.  Refractor 
9.5-in.  Reflector 


Camden  Oliservatory 
A.  B.  Depuy 

LcanderMcCormick  Observatory  26-in.  Refractor 
of  the  University  of  Virginia.      4-in.  Refractor 


Kenwood  Physical  Observatory     12.2-in.  Refractor 
Samuel  Harris  4.25-in.  Refractor 

Cincinnati    Observatory    of    the  11-in.  Retractor 

University  of  Cincinnati  5. 12-in.  Mer.  Circle 

4-in.  Refractor 
Litchfield  Observatory  of  Hamil-  13.5-iii.  Refractor 

ton  College  5-in.  Refractor 

4-in.  Refractor 
Observatory  of  the  Univ.  of  .Mo.     7. 5-in.  Refractor 
Ohio  State  University  I -in.  Refractor 

HoHwcIl  Observatory  S-iii.  Refractor 

Patterson  Observatory  5-in.  Refractor 

Cliaml)crlin   Observatory   of    the  2()-in.  Refractor 

University  of  I >cnvfr.  6-in.  Refractor 

Uearboni  Obs.  of  N.  W.  University  lH.5-in.  Refractor 
Diirfee  High  Scliool  H-in.  Rclraclor 
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Maker  and  Date. 

Astronomers. 

Special  Work. 

Pike 

H.  V.  Egbert,  Director 

Educational 

Fitz 

Lewis  Boss,  Director 

Comets 

Fitz 

F.  S.  Place,  Director 

Fitz,  1861 

James  E.  Keeler,  Director;  Frank 

Solar  Physics,  Spec- 

Brashear 

W.  Very,  Observer 

troscopy 

Clark 

David  P.  Todd,  Director 

Jupiter's  Satellites, 

Pistor  &  Martins 

Sun  Spots 

Clark 

Repsold 

Fitz 

Mark  W.  Harrington,  Director; 

Star  Positions 

Pistor  &  Martins 

W.  J.  Hussey,  Observer 

Clark,  1891 

L.  W,  Underwood,  Director 

Educational 

Clark 

Krashear 

1887 

Chas.  A.  Borst,  Director 

Hastings,  1884 

Geo.  Giddersleve,  Observer 

Solar  Observations 

Clark,  1866 

John  R.  Hooper,  Director 

Sun  Spot  Records, 

Hastings,  1879 

Comets 

Cooke 

W.  H.  Numsen,  Observer 

1889 

M.  B.  Stahn.  Observer 

Clark,  1882 

Charles  A.  Bacon,  Director 

Solar  Prominences 

Byrne 

Frank  Soul^,  Director 

Planetary  Studies 

Clacev 

Judson  B.  Coit,  Director 

Educational 

Clacey,  1882 

Edwin  F.  Sawyer,  Director 
Henry  M.  Parkhurst,  Director 

Variable  Stars 

Fitz,  1877 

Asteroid  Photome- 

try. 

Wray,  1886 

Educational 

Draper 

Edward    C.  Pickering,  Director; 

Photometry,    Pho- 

1890 

Arthur  Searle,  S.  C.  Chandler, 

tography,        and 

Merz,  1846 

Jr.,  0.  C.  Wendell.  Wm.  Max- 

Meridian     Circle 

Draper 

well  Reed,  Wm.  H.  Pickering, 

Observations 

Clark,  1887 

John  Ritchie,  Jr.,  Observers 

Clark,  1888 

Clark 

Clark,  1870 

Clark,  1885 

Queen,  1888 

Edmund  E.  Read,  Jr.,  Director 
A.  B.  Depuy,  Observer 

Solar  Prominences 

Clark 

Ormond  Stone,  Director;  N.  W. 

Nebulae 

Kahler 

Parrish,    Frank    Muller.  Ob- 
servers 

Brashear,  1891 

Geo.  E.  Hale,  Director 

Spectroscopy 

Merz  &  Mahler,  1843  Jermain  G.  Porter,  Director 

Fauth 

Clark 

Spencer 

Schrceder 

Steinhold 

Merz  &  Mahler,  1850  Milton  Updegraff,  Director 


Clark,  1883 
Clark,  1881 
Clark.  1890 
Brashear 
Clark,  1862 
1888 


Goodwin  D.  Swezey,  Director 
Rowley  Patterson,  Observer 
Herbert  A.  Howe,  Director 

G.  W.  Hough,  Director 


Sidereal  Motion 


Star  Charts,  Vari- 
able Stars,  Minor 
Planets 

Star  Positions 

Student  Work 

Work    not  yet  be- 
gun 
Jupt,  Double  stars 
Educational 
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Location. 
Galesburg,  111. 
Geneva,  N.  Y. 
Geneva,  N.  Y. 


Glasgow,  Mo. 
Greencastle.  Ind. 
Greenville,  Pa. 


Grinnell,  la. 
Hamburgh,  N.  Y. 
Hanover,  N.  H. 

Hartford,  Conn. 
Haverlbrd  College,  Pa. 


Hockessin,  Del. 
Hudson,  O. 
Jackson,  Mich. 
Joliet,  111. 
Lancaster,  Pa. 

Lewisburg,  Pa. 

Lewiston,  Me. 
Little  Rock,  Ark. 

Lyons,  N.  Y. 
Madison,  Wis. 


Middletown,  Conn. 
Mount  Hamilton,  Cal. 


Newburgh,  N.  Y. 
New  Haven,  Conn. 


New  York,  N.  Y. 
Northfield,  Minn. 

Ouklanel,  Cal. 
OnHn!.-l    Cnl. 


Owner. 
Knox  College  Observ'atory 
Hobart  College  Observatorx^ 
Smith  Observatory 


Morrison  Observatory' 

McKim  Observatory    of  the    De 

Pauw  University. 
Rev.  John  Peate,  D.  D. 


Iowa  College  Observatory 
B.  M.  Fish 

Shattuck    Observatory    of  Dart- 
mouth College 
High  School 
Haverford  College  Observatorv 


John  G.  Jackson 
Western  Reserve  College 
U.  W.  Law  ton 
Joliet  High  School 
Daniel    Scholl      Observatory    of 
Franklin  and  Marshall  College 
Bucknell  College  Observatory 

Bates  College 

T.  E.  Murrell,  M.  D. 

M.  A.  Veeder 

Washburn  Observatory  Univer- 
sity of  Wisconsin 

Wesley  an  Universitj' 
Lick  Observator}'  of  the  Univer- 
sity of  California 


Darwin  W.  Esmond 
Winchester    Ol)servatory  of  Yale 
University 


Description. 
6-in.  Refractor 
8.75-in.  Refractor 
10.12-in.  Refractor 
9-in.  Reflector 
5-in.  Reflector 
4-in.  Mer.  Circle 
12.25-in.  Refractor 
6-in.  Mer.  Circle 
9.5-Refractor 
4-in.  Almucantar 
22-in.  Reflector 
12.37-in.   Silver-on- 

Glass  Reflector 
8-in.  Refractor 
7.33-in.  Refractor 
9.25-in.  Refractor 
4-in.  Mer.  Circle 
9. 4-in.  Refractor 
10-in.  Refractor 
8.25-in.  Refractor 
8.25-in.  Newt.  Refl. 
4-in.  Mer.  Circle 
6-in.  Reflector 
4-in.  Refractor 
4-in.  Refractor 
4. 5-in.  Refractor 
il-in.  Refractor 

10-in.  Refractor 

6.25-in.  Refractor 
6. 5-in.  Silver-on- 
Glass  Reflector 
6-in.  Refractor 
15. 5-in.  Refractor 
6-in.  Refractor 
4.8-in.  Mer.  Circle 
12-in.  Refractor 
36-in.  Refractor 
12-in.  Refractor 
6. 5-in.  Refractor 
6.5-in.  Mer.  Circle 
4-in.  Comet  Seeker 
4-in.  Transit 
4-in.  Photohelio- 
graph 

4  in.  Refractor 
28-in.  Refractor 
8-in.  Refractor 
6-in.  Hcliometer 


Columbia  College  Observatory       13-in.  Refractor 

Goodscll  Observatory  of  Carleton  16.2-in.  Refractor 
College  8.25-in.  Refractor 

4.8-in.  Mer.  Circle 
4.3-in.  Refractor 

Clinbot  Observatory-  8. 5-in.  Refractor 

4.12-in.  Trail.  Circle 

Clifi'*.  Hitrckli.'iltor  l()..'')-in.  Kollcctur 
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Maker  and  Date. 

Astronomers. 

Special  Work. 

Clark,  1879 

Edgar  L.  Larkin,  Director 

Educational 

Fitz 

H.  L.  Smith,  Director 

Educational 

Clacey 

Wm.  R.  Brooks,  Director;  Anna 

Comet  Seeking, 

G.  Brooks,  Observer 

Planets 

Warner  &  Swasey 

Clark 

Carr  W.  Pritchett,  Director 

Planets 

Sims 

Double  Stars 

Clark,  1885 

Wilbur  V.  Brown,  Director 

Educational 

Clacey,  1883 

Peate,  1890 

Peate 

John  Peate,  Director 

Clark 

S.  J.  Buck 

Educational 

Clark,  1872 

B.  M.  Fish,  Observer 

Comet  Seeking 

Clark 

Educational 

Clark,  1883 

Educational 

Clark,  1883 

Francis  P.  Leavenworth,  Director; 

Double  Stars 

Fitz,  1852 

H.  V.  Gummere,  Observer 

Calver 

Sims 

Cldrk 

U.  W.  Lawton,  Observer 

Clark 

A.  H.  Wagner,  Director 

Clark 

Educational 

Clark 

Wm.  C.  Bartol,  Director;  Wm.  G. 
Owner,  Observer 

Educational 

Fitz 

Brashear 

Fitz 

M.  A.  Yeeder,  Director 

Solar  Observations 

Clark,  1878 

Geo.  C.  Comstock,  Director;  A.  S. 

Star  Places,      Con- 

Clark 

Flint,  Observer 

stants  of  Refrac- 

Repsold 

tion 

Clark 

Educational 

Clark,  1886 

Edward  S.   Holden,  Director;  S. 

Star  Motions,  Dou- 

Clark, 1881 

W.Burnham,  J.  M.  Schaeberle, 

ble    Stars,  Nebu- 

Clark 

E.  E.  Barnard,  Charles  B.Hill, 

las,  Spectroscopy, 

Repsold,  1884 

W.  W.  Campbell,  Observers 

Comets 

Clark 

Fauth,  1881 

Clark 

Clark 

Leonard   Waldo,  Director;  Wm. 

Stellar       Parallax, 

Grubb 

L.  Elkin,  H.  A.  Newton,  C.  S. 

Meteorites 

Repsold 

Hastings,  Observers 

John  K.  Rees,  Director;  C.  H.  Ja- 

Educational 

coby,  Observer 

Brashear,  1891 

Wm.  W.  Payne,  Director ;  Herbert 

Star  Positions,  Ce- 

Clark, 1876 

C.  Wilson,  Miss    C.  R.  Wil- 

lestial      Photog- 

Repsold 

lard.  Observers 

raphy 

Bvrne 

Clark 

Chas.  Burckhalter,  Director 

Educational 

Fauth 

Brashear 

Chas.  Burckhalter,  Director 
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Location. 
Oakland,  Cal. 
Oakland,  Cal. 
Oakland,  Cal. 
Omaha,  Neb. 
Pasadena,  Cal. 
Philadelphia,  Pa. 

Poughkeepsie,  N.  Y. 

Princeton,  N.  J. 

Providence,  R.  1. 

Providence,  R.  I. 
Rochester,  N.  Y. 

Salem,  O. 

San  Francisco,  Cal. 


Owner. 
Dr.  J.  H.  Wvthe 
F.  G.  Blinn' 
Mills  College 

Creighton  College  Observatory 
Pasadena  Hotel 
Central  High  School 

Vassar  College  Observatorj' 

Halsted  Observatory  of  Princeton 
University 

Ladd  Observatory'  of  Brow^n  Uni- 
versity 
Seagrave  Observatory 
Warner  Observatory 

I.  W.  Thompson 
Davidson  Observatorv 


Description. 
8.5-in.  Reflector 
5-in.  Refractor 
5-in.  Refractor 
5-in.  Refractor 
4-in.  Refractor 
6-in.  Refractor 
.4. 5-in.  Mer.  Circle 
12.25-in.  Refractor 
5-in.  Refr.  Portable 
23  in.  Refractor 
9. 5-in.  Refractor 
4-in.  Mer.  Circle 
12-in.  Refractor 
4-in.  Refractor 
8.25-in.  Refractor 
16-in.  Refractor 
4. 5-in.  Com.  Seeker 
4-in. 
6.4-in.  Refractor 


San  Francisco,  Cal. 
San  Francisco,  Cal. 
San  Francisco,  Cal. 
San  Josd,  Cal. 
San  Mateo,  Cal. 
Saratoga  Springs,  N.  Y, 
South  Bergen,  N.  J. 

South  Hadley,  Mass. 

Stanford,  Fla. 
St.  Charles,  Mo. 
St.  Louis,  Mo. 

St.  Louis,  Mo. 
Swarthmore,  Pa. 
Syracuse,  N.  Y.* 
Syracuse,  N.  Y. 
Tarry  town,  N.  Y. 

Washington,  D.  C. 


Washington,  D.  C. 


Wa»hinjjton,  D.  C. 
Wntcrvillc,  Me. 
Went  Point,  N.  Y. 

WillianiHtown,  Mass. 
Wilmington,  Del. 

Wilmington,  Del. 
Wilmington,  Del. 


Charles  Goodall 
James  Murphy 
Wm.  M.  Pierson 
Universitv  of  the  Pacific 
St.  Mathews  Hall  College 
Hathorn  Observator}- 
Henry  Harrison 


5-in.  Refractor 
4-in.  Refractor 
8.5in.  Refl.  1890 
6-in.  Refractor    ' 
8.5-in.  Reflector 
6-in.  Refractor 
5.5-in.  Refractor 


Williston  Observatory  of  Mount  8-in.  Refractor 

Holyoke  Seminary 
J.  E.  Ingraham  4. 5-in.  Refractor 

Capt.  Petitdedier  12-in.  Reflector 

Observatory  of  Washington  Uni-  6.5-Refractor 

versitv 
Dr.J.G.W.  Stecdman 
Swarthmore  College  Observatory 
Holden  Memorial  Observatory 
H.  P.  Stark 
Chas.  H.  Rockwell 


U.  S.  Naval  Observatorv 


Georgetown  College  Observatory 


Smithsonian  Physical  Obs. 
Shannon  Obs.  of  Colby  University 
Observatory  of  the  U.  S.  Militar}' 

Academy 
Willian>8  College  Observatorv 
Alfred  C.  Diil'ont 

Elwood  Garrett 
Geo.  W.  Hum|»hrcv 


8-in.  Reflector 
6-in.  Refractor 
8-in.  Refractor 
5.3-in.  Refractor 
6.4-in. 
4-in. 

26-in.  Refractor 
9. 6-in.  Refractor 
8.5-in.  Tran.  Circle 
5.3-in.  Prime  Vert. 
Transit 
5-in.  Transit 
4-in.  Mural  Circle 
4.8-in.  Refractor 
4.5-iii.  Transit 
4-in.  Mer.  Circle 
20-in.  Refractor 

12-in.  Refractor 
H-in.  Tran.  Circle 
4.8-in.  Mer.  Circle 
12-in.  Reflector 
4.5-in.  Refractor 
K,5-in.  Reflector 
6.5-Rcflector 
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Maker  and  Date. 

Astronomers. 

Special  Work. 

Brashear 

Clark 

Stewart 

Joseph  Rigge.  Director 

Educational 

Merz 

Educational 

Ertel 

Clark 

Mary  W.  Whitney,  Director 

Educational 

Clark 

Clark 

Chades  A.  Young,  Director;  Mal- 

Solar Physics,  Com- 

Clark 

colm  McNeill,  Observer 

ets 

Brashear,  1891 

Winslow  Upton,  Director 

Frank  E.  Seagrave,  Director 

Double  Stars 

Clark,  1881 

Lewis    Swift,   Director;    Edward 

Nebulae,          Comet 

D.  T.  Swift,  Observer 

Seeking 

Clark,  1885 

George  Davidson,  Director ;  Geo. 

Planets,      Eclipses, 

F.  Davidson,  Thos.  D.  David- 

Occultations 

son,  Observers 

Clark 

Clark 

T.  C.  George,  Director 

Educational 

Brashear 

Clark,  1883 

F.  J.  del  Corral,  Observer 

Planets 

Byrne 

Henry     Harrison,    Director;    M. 
Paddock,  Observer 

Double  Stars 

Clark,  1881 

Miss  Elizabeth  M.  Bardwell,  Dir. 

Educational 

Clark,  1885 

H.  S.  Pritchett,  Director;   Alfred 
Ramel,  Observer 

Comets,  Planets 

Brashear,  1888  ' 

J.  G.  W.  Steedman,  Director 

S.J.  Cunningham,  Director 

Educational 

Clark,  1887 

H.  A.  Peck,  Director 

Educational 

Spencej 

Hastings 

Chas.  H.  Rockwell,  Director 

Lunar      W'ave      in 

Clacey 

Earth's  Crust 

Clark,  1873 

Capt.  F.  V.  McNair,  Supt.:  Asaph 

Planets,    Satellites. 

Merz  &  Mahler,  184.5 

Hall,  W.  Harkness,J.  R.  East- 

Comets,    Double 

Pistor&  Martins,  '65 

man,    Edgar     Frisbv,    L.   J. 

Stars,  Parallax 

Pistor&  Martins, '45 

Brown,   A.  N.  Skinner,  H.  M. 
Paul,  Asaph    Hall,  Jr.,  W.  M. 

Ertel,  1844 

Brown,    Geo.  A.    Hill,  C,  S, 

Simms,  1844 

McCoy,  Observers. 

Simms 

John  G.  Hagen,   Director;  James 

Variable  Stars,Star 

Ertel 

Simms 

Grubb 

F.  Dawson,  Observer 

Occultations 

S,  P.  Langley,  Director 

Wm.  A.  Rogers,  Director 

Clark.  1884 

Lt.  Wallace  Mott,  Director 

Repsold,  1885 

Repsold 

Truman  H.  SafTord,  Director 

Brashear 

Clark 

Brashear 

Brashear,  1882 
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THE  CHAMBERLIN  OBSERVATORY. 


For  The  Messenger. 

The  Chamberlin  Observatory  owes  its  existence  to  the 
munificence  of  Hon.  H.  B,  Chamberlin,  of  Denver,  who  has 
erected  the  building  at  a  cost  of  about  $25,000,  and  has 
made  contracts  for  the  instrumental  equipment.  The  site 
embraces  nearly  fourteen  acres,  situated  at  a  distance  of  five 
miles  from  the  business  centre  of  Denver,  at  University 
Park,  the  seat  of  the  University  of  Denver,  of  w^hich  it  forms 
a  department. 

The  building  is  constructed  of  a  very  hard  sandstone  tak- 
en from  the  Archalow  quarries  at  Lyons,  Colo.  The  facing 
of  the  walls,  from  the  watertable  up,  is  a  soft,  rich  red  sand- 
stone from  the  same  quarries.  The  pier  which  is  to  support 
the  twenty-inch  equatorial  is  built  of  dimension  stone,  and 
is  sixteen  feet  square  at  the  base,  and  twelve  feet  square  at 
the  top;  its  height  is  twenty-five  feet,  half  of  which  is  below 
the  grade  line.  There  are  two  other  piers ;  one  for  the  four- 
inch  meridian-circle,  and  the  other  for  the  photographic 
measuring  engine. 

The  basement  has  a  special  entrance  in  the  rear  and  con- 
tains a  work-shop,  store-room,  janitor's  quarters,  photo- 
graphic room  with  dark  closet  and  porcelain  sinks,  and 
boiler  room.  The  floor  is  of  cement,  except  close  to  the 
piers,  where  a  three  inch  space  is  left,  filled  with  loose'sand. 

The  director's  office,  on  the  main  floor,  in  the  west  wing, 
contains  shelves  for  the  working  library,  and  a  case  of 
twenty-four  drawers  for  miscellaneous  pamphlets;  it  is 
adorned  by  a  grate  and  mantel.  The  transit-room  in  the 
east  wing  contains  a  sandstone  pier  of  unusual  form ;  two 
heavy  blocks  of  stone  are  surmounted  by  a  cap  connecting 
them.  The  roof-shutters  are  of  iron,  and  each  is  opened  in 
5  seconds  by  a  simple  gearing.  •Adjoining  the  transit-room 
is  the  chronograph-room,  the  two  being  connected  b3'  a 
window  through  which  the  chronograph  can  be  watched. 

In  the  clock-room  provision  has  been  made  for  two  clocks, 
which  are  to  be  suspended  on  small  oak  beams  which  have 
been  built  into  the  equatorial  pier,  and  project  through  the 
partition  surrounding  it.  Around  each  beam,  wliere  it 
comes  througli  the  partition,  is  a  space  filled  with  mineral 
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wool.  Clock  closets  will  be  built  around  the  clocks.  On 
the  main  floor  are  also  the  reference  library,  a  computing 
room,  an  instrument  room  and  a  lavatory. 

The  second  story  contains  a  computing  room,  a  bed-room, 
three  large  closets,  and  the  dome  room,  which  is  thirt^^-four 
feet  in  diameter,  and  is  surmounted  by  an  iron  dome  built 
upon  the  Hough  system,  by  Mr.  William  Scherzer,  of  Chi- 
cago. It  is  equipped  with  the  Cooke  shutter,  which  is  a 
vertical  semicircle,  one  extremity  of  which  rests  on  a  pivot, 
while  the  other  rides  on  a  track  tangent  to  the  base-ring  of 
the  dome.  This  shutter  is  surmounted  by  a  Globe  ventila- 
tor, and  is  emincnth-  satisfactory.  The  entire  slit,  which  is 
five  feet  wide  and  extends  from  the  horizon  to  a  point  thirty 
inches  beyond  the  zenith,  is  uncovered  at  once. 

The  building  faces  southward,  and  measures  sixty-five  feet 
by  fifty ;  it  is  heated  by  steam  and  wired  for  electric  light- 
ing. 

The  Students'  Observatory,  likewise  presented  by  Mr. 
Chamberlin,  is  twenty -four  feet  by  fourteen  feet,  and  shel- 
ters the  six-inch  Saegmuller-Brashear  equatorial,  and  the 
two-inch  Saegmuller  transit.  The  dome  is  of  wood,  covered 
with  tin,  and  was  built  by  Mr.  F.  A.  Walter,  of  University 
Park.  The  instruments  have  been  fairly  tested,  and  have 
proven  themselves  to  be  excellent.  The  design  of  the  equa- 
torial is  noteworthy  for  simplicitv,  beautv,  and  serviceabil- 
ity. 


HOW  TO  MAkE  GOOD   MERIDIAN  OBSERVATIONS. 


T.   H.  S.\FFORD.* 
FnR  The  ilESSENcJKK. 

Differential  or  Zone  Observations. 

The  ordinary  instrumental  corrections  are  somewhat  vari- 
able. The  correction  for  level  and  azimuth  can  be  readily 
transformed,  by  using  Bessel's  formulae,  into  equatorial  {m) 
and  polar  {n) ;  and  the  variations  of  n  measured  by  ob'Serv- 
ing  known  polars  at  the  beginning  and  end  of  an  even- 
ing's work.  Those  of  m  can  be  readily  obtained  from 
the  formula 

*  Williams  College,  Williamstown,  Alass. 
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m  =  i  sec  <f  —  n  tan  (p 
when  /  is  the  inclination,  measured  by  the  spirit  level  or  by 
a  combination  of  known  collimation  and  nadir  observations 
of,  what  is  in  many  cases  equallj-  convenient,  can  be  joined 
with  those  of  the  clock-correction.  In  fact  most  Observa- 
tory clocks  are  subject  to  variations  from  their  average  rate 
from  day  to  day  quite  comparable  with  those  of  the  quan- 
tit}'  m,  so  that  the  values  of  dt  +  m  are  obtained  at  the  be- 
ginning and  end  of  an  evening's  work  by  quick  moving 
stars,  and  are  not  separated  in  their  application.  This  was 
in  fact  tlie  practice  of  both  Bessel  and  Struve,  and  of  many 
other  first  rate  observers. 

The  hourly  variations,  unaccounted  for  by  clock-rate, 
of  dt  -f  ^,  and  those  of  n,  ma\'  amount  to  several  hun- 
dredths of  a  second  hourly  during  an  evening's  (or  morn- 
ing's) work  and  it  is  not  safe,  therefore,  to  neglect  them; 
but  always  best  to  determine  clock  and  instrumental  error 
at  intervals  of  two  or  three  hours. 

The  great  zones,  observed  between  1809  and  the  present 
time,  under  the  directipn  of  the  Astronomische  Gesellschaft 
by  a  co-operative  effort  on  the  part  of  astronomers  in  many 
European  countries  and  in  the  Ignited  States,  were  so  ar- 
ranged by  Argelander.  The  northern  heavens  were  divided 
into  zones  usually  of  5°  breadth ;  each  Observatory  taking 
part  was  to  observe  all  stars  down  to  the  magnitude  9.0 
and  all  fainter  which  had  been  previously  determined  by 
certain  meridian  observers— Lalande,  Bessel  and  others. 
The  participants  were  in  freedom  to  subdivide  their  zones  or 
not  as  their  convenience  dictated.  The  zojies  were  to  be  div- 
ided into  portions  of  about  an  hour  and  a  half  in  length; 
each  to  be  preceded  and  followed  by  zero  stars  in  the  same 
average  declination  as  the  zone  itself;  and  not  more  than 
10°  from  it  on  either  side.  And  the  instrumental  correction 
(n)  was  to  be  obtained  by  polar  stars  both  before  and  after 
the  zone  if  thought  necessary.  As,  however,  its  influence 
was  slight  because  the  zones  were  narrow  and  the  average 
declination  of  both  determined  and  determining  stars  the 
same,  this  point  was  not  very  iinportrmt. 
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Here  is  a  sample  zone:  No.  13,  Christiania,  May  6,  1870.  A.  R.  12'' 
5im  _  1411  25"',  Dec.  65°  —  70°  not  subdivided : 

ZERO   STARS. 

76  Ursa»  Majoris 12"  36'"  63.4° 

Qr.  2001 13    23  73.1 

fir  Draconis 14-       1  65.0 

Gr.  2125 14-    2K  60.8 

Polaris  sub  polo  for  value  of  n. 
or  No.  162  1873,  Dec.  10.     A.  R.  0''  11'"  —  1''  25'",  Dec.  ilfi    —  G'J  . 

ZERO   STARS. 

/i  Cassiopei.-e 0^  2'"  58.5'' 

Groomb  29 ? 0  U  76.2 

Bradlev  82 0  43  63.6 

40  Cassiopeia; 1  28  72.4 

43  Cassiojieia; 1  32  67.4 

Polaris  above  for  value  of  «. 

The  declinations,  as  well  as  the  right  ascensions,  are  re- 
duced by  the  zero-stars,  so  that  the  nadir,  if  used  at  all,  is 
only  employed  to  indicate  changes  in  the  zero-points;  and 
in  general  the  observations  are  differential,  the  zero-stars 
being  observed  under  nearly  the  same  circumstances  as  the 
zone-stars  themselves. 

The  result  of  this  method  is  to  eliminate  very  completely 
the  peculiarities  of  the  instrument. 

Chr.  H  ,       Chr.  H  H  -  Chr. 

13  51  24.36  52.0  24.42  52.8  -|- 0.06  -|- o-^ 

23  96  32.65  22.3  32.84  21.8  -f-o-'9-o-5 

25  100  51.62  58.3  51.37  57.8  -0.25  -0.5 

30  117  5.99  8.8  4.96  7.0  -0.03  -1.8 

38  163  37.71  36.9  37.91  38.3  +  0.20  -f  1.4 

39  164  46.01  50.5  46.10  51. 1  -|- 0.09  -j- 0.6 
56  233  48.26  54.6  48.36  54.1  -i-o.io  -0.5 
62  284  45.58  49.5  45-50  50.3  -f-  0.02  -l-  0.8 

78   331         14.13     17.7         13.94      18.2       -0.19-1-0.5 

88     402  21.59       52.1  21.50         52.8  —0.19  -j- 0.7 

Mean.  0.000  -(-0.15 

P.  E.  I  DiftV.     ±0.118   ±  0.70 

I  have  given  here  a  comparison  between  the  first  ten  stars 
common  to  the  Helsingfors  and  Christiania  zones,  as  a 
sample  taken  quite  at  random.  It  will  be  seen  that  there  is 
no  constant  difference  which  cannot  be  explained  by  casual 
errors;  yet  the  Christiania  zone  (65°  —  70°)  was  taken 
with  a  meridian  circle,  with  an  aperture  of  4.3  inches,  and 
the  circle  about  2.6  inches  diameter  was  read  bv  two  ver- 
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niers,  while  the  Helsingfors  zone  was  observed  with  a  tran- 
sit instrument  fitted  with  a  divided  arc  of  24  degrees  with  a 
radius  of  15  inches  read  by  a  single  microscope.  The  flexure 
of  the  telescope  of  the  latter  instrument  was  very  large,  and 
the  services  of  the  former  gave  much  trouble ;  but  the  out- 
standing errors  seem  to  have  been  perfectly  corrected  by  the 
differential  method. 

The  probable  difference  in  right-ascension  is  about  the 
same  as  we  should  expect.  Both  observers  used  the  eye- 
and-ear  method,  and  observed  these  stars  2  or  3  times  on  3 
or  4  wires  each ;  so  that,  after  reduction  from  the  parallel  of 
65°  to  the  equator,  we  find  the  declination  and. right  ascen- 
sion to  be  observed  with  a  probable  error  of  not  far  from 
half  a  second  of  arc  in  either  case. 

Future  zone  observations  are  likely  to  be  made  in  less 
quantity.  There  are  not  far  from  150,000  stars  included  in 
the  project  now  nearly  completed ;  each  star  has  been  ob- 
served at  least  twice.  The  project  extends  from  80°  north 
to  23°  south  declination;  the  region  around  the  north  pole 
was  observed  by  Carrington,  and  has  been  more  or  less 
worked  up  by  others,  with  a  somewhat  greater  degree  of 
completeness,  all  told ;  the  required  zero-points  of  the  pho- 
tographic survey  will  be  less  in  number,  as  6  stars  to  a  plate 
2°  square  means  less  than  70,000  stars  in  the  whole  sphere, 
or  about  a  third  as  many  for  the  same  area.  The  future 
zone-observations  will  be  made  for  photographic  zero- 
points;  hence  probably  greater  accuracy  (7  to  15  wires  for 
each  star  and  2  microscopes  in  all  cases)  will  be  aimed  at 
in  the  single  observations.  But  on  the  other  hand  the 
(juantity  of  work  required  is  so  large  and  the  advantages  of 
the  differential  method  are  so  considerable,  that  it  will 
doubtless  be  employed  with  the  slight  modification  that  few 
stars  to  a  zone  will  be  taken,  but  on  more  wires  and  with 
two  microscopes. 

Those  observers  on  the  Astrononiischc  licscll.schaft's  plan 
who  were  able  to  work  most  rapidly  employed  one  micro- 
scope only.  But  in  this  case  the  bisection  was  made  twice, 
on  two  successive  division  lines  of  the  limb,  and  the  repeti- 
tion of  the  observation  made  on  a  different  part  of  the  cir- 
cle. At  Helsingfors,  as  before  stated,  the  instrument  had 
but  one  microscope;   bnl   tlu-  nrnrs  of  .-til  tlu'  divisions  on 
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the  limb  of  24°  were  carefully  determined  bj'  an  ingenious 
process  invented  by  Professor  Kriiger.  Moreover  the  zero- 
point  was  always  shifted  from  zone  to  zone  bj-^  unclamping 
the  divided  arc  and  moving  it  to  another  position.  Aly 
own  participation  in  this  great  work  was  interrupted  by 
the  consequences  of  the  great  Chicago  fire,  after  about  two 
and  a  half  years  had  been  employed  upon  it.  The  Chicago 
meridian  circle  (now  at  Evanston)  has  an  aperture  of  6.4 
inches.  According  to  the  formula  which  I  employ  for  this 
purpose 

5"'.0  .  +  5  log  aperture  in  English  inches 

it  is  adequate  to  the  observation  (with  full  illumination) 
of  stars  down  to  the  magnitude  9.0;  with  modified  illumin- 
ation of  the  field,  stars  of  the  magnitude  9.7  (called  9.4  or 
9.5  in  the  Durchmusterung)  can  be  taken  with  almost  as 
much  accuracy,  if  special  pains  be  taken.  But  at  Christian- 
ia,  where  the  aperture  was  only  4.3  inches,  the  limit  of  the 
most  accurate  observation  under  average  circumstances 
would  be  8.9;  8.2  with  full  illumination;  so  that  the  as- 
tronomers there  must  have  taken  especial  pains  to  pick  up 
the  faint  stars  on  unusually  transparent  nights. 

With  wire-illumination  of  course  much  fainter  stars  can  be 
taken ;  while  the  glass-scales  which  have  been  a  good  deal 
employed  in  this  country  seem  to  cut  off  about  half  a  mag- 
nitude from  the  ordinary  range  of  field  illumination.  That 
is  to  say,  they  reduce  the  effectiveness  of  the  aperture  nearly 
37  per  cent;  or  a  6-inch  telescope  with  glass  scales  is  no 
better  than  a  4%.-inch  with  field-illumination  and  spider 
lines. 

In  fact  with  the  8-inch  Harvard  College  meridian  circle 
and  glass  scales  there  seems  to  be  difficulties  in  getting  the 
fainter  stars  of  the  programme  which  are  quite  of  the  same 
order  as  those  noticed  by  Argelander  with  4.8  inches  and 
spider-Hnes,  with  field-illumination.  The  next  improvement 
to  be  made  in  zone-observations  will  be,  I  think,  the  use  of 
7th  and  perhaps  8th  magnitude  stars  as  zero-points ;  such 
stars  to  be  carefully  determined  at  several  Observatories  in 
considerable  number,  I  shall  have  more  to  say  about  this 
in  my  next  article;  in  which  I  shall  also  give  a  detailed  ac- 
count of  Professor  Boss's  admirable  zone,  +1°  to  +5°,  tak- 
.at  Albany. 
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ON  THE  EFFICIENCY  OF  A  SMALL  INSTRUMENT. 


GEORGE  C.  COMSTOCK. 


For  the  Messenger. 

In  the  Description  de  fObservatoire  Astronomique  Cen- 
tral de  Poulkovk  by  F.  G.  W.  Struve  occurs  the  following 
passage  prefixed  to  the  description  of  the  great  vertical  cir- 
cle: "Many  astronomers  have  found  in  their  experience 
that  small  instruments  furnish  results  which,  comparativeU^ 
speaking,  are  much  more  precise  than  those  given  by  large 
ones,  and  this  is  especially  true  in  the  case  of  zenith  dis- 
tances. The  two  classes  of  instruments,  being  equally  sub- 
ject to  the  effect  of  atmospheric  disturbances  ,have  their  ef- 
ficiency' in  some  measure  equalized  by  this  circumstance. 
Nevertheless  under  the  most  favorable  external  conditions, 
where  the  large  instruments  possess  all  the  advantage  of 
greater  magnif^-ing  power,  and  where  the  precision  of  the 
graduation  is  not  nullified  by  the  uncertainty^  of  the  point- 
ings, sm^ll  instruments  have  shown  themselves  compara- 
tively superior  to  large  ones." 

Struve  is  not  here  considering  the  relative  optical  efficiency 
of  small  and  large  telescopes,  which  has  been  so  frequently 
discussed  in  recent  years,  but  their  ability  to  furnish  accu- 
rate numerical  results  in  the  determination  of  latitude,  time, 
azimuth,  etc.,  and  my  purpose  in  the  present  article  is  to 
add  something  by  way  of  confirmation  to  the  opinion 
above  expressed.  The  Washburn  Observatory  has  recently 
acquired  a  small  universal  instrument  by  Bamberg,  of  Ber- 
lin, which  is  used  principally  in  the  instruction  of  students 
in  practical  astronomy,  and  in  connection  with  this  use  I 
have  had  occasion  to  study  the  instrument  with  some  care 
to  determine  what  measure  of  precision  is  attainable  with 
it,  and  the  numerical  results  cited  below  are  the  result  of 
this  study.  The  instrument  consists  essentially  of  a  hori- 
zontal and  vertical  circle,  each  175' in  diameter,  divided 

to  10'  and  read  by  two  micrometer  microsco])es  to  5",  or  by 
estimation  to  0".5.  The  telescope  is  a  broken  one  of  36  """ 
aperture  and  'J7H  """  focal  length,  and  is  jjrovidcd  with  an 
eye-])iccc  giving  a  magnifying  power  of  .'J6  diameters.    .As  or 

•  Iliri'clor,  Wnslihiini  OliHOfviilorv,  M/idisoii,  Wi.s. 
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iginally  constructed  the  instrument  was  provided  with  a 
system  of  spider  threads  which  I  have  removed  and  substi- 
tuted for  them  a  glass  plate  with  ruled  lines  blackened  by 
filling  them  with  powdered  graphite.  The  lines  thus  ob- 
tained are  much  finer  than  any  spider  threads  I  have  ever 
seen,  and  are  in  every  way  preferable  to  them. 

Taking  up  now  the  question  of  attainable  precision  we 
note  that  Foerster,  who  has  made  a  careful  investigation  of 
a  somewhat  smaller  instrument  by  the  same  maker,  states 
that  "the  probable  error  of  a  single  determination  of  alti- 
tude with  the  five-inch  instrument  can  be  reduced  to  one 
second  of  an  arc,"  a  statement  which  agrees  very  well  with 
the  results  of  my  own  experience,  for  I  find  from  latitude  ob- 
servations made  with  the  instrument  above  described  that 
the  probable  error  of  a  single  zenith  distance,  the  mean  of  a 
reading  Circle  Right  and  Circle  Left,  is  ±0".8,  certainly  a 
surprising  degree  of  accuracy  for  an  instrument  which  is 
small  enough  to  be  picked  up  and  carried  about  in  one's 
hands. 

It  is,  however,  in  connection  with  time  determinations 
that  I  possess  the  largest  amount  of  data  in  regard  to  the 
efficiency  of  the  instrument.  For  these  determinations  I 
have  used  exclusively  the  method  of  transits  over  the  verti- 
cal of  the  pole  star,  Doellen's  method  with  the  formula? 
slightly  modified ;  employing  a  sidereal  chronometer  beat- 
ing half  seconds  and  observing  the  transits  of  the  stars  by 
eye  and  ear  over  five  threads.  Albrecht's  formula  for  the 
probable  error  of  an  observed  transit  of  a  star  over  a  single 
thread,  which  is  in  substantial  agreement  with  the  exper- 
ience of  the  observers  of  the  V.  S.  Coast  Survey,  is 

v=:Va2-f  (-A)2sec2.5  -'*  =  0-07^  b  —  3.18^ 

where  r  is  the  magnifying  power  emploj'ed.  This  gives  for 
an  observation  of  an  equatorial  star  with  this  instrument 
y=  ±0\113,  while  from  actual  observation  with  the  instru- 
ment I  find  the  following  values  of  this  probable  error,  each 
value  being  derived  without  reduction  to  the  equator  from 
all  the  observations  of  a  single  night,  and  every  night  on 
which  four  or  more  stars  were  observed  being  included  in 
the  summarv. 
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Date. 

No.  of  Stars. 

P.  E 

.  of  a  Transit  over 

a 

Single  Thread. 

1891,  April    3 

4 

±0.07' 

June      8 

4 

.08 

July    18 

4 

.07 

"       30 

5 

.04 

Aug.     4 

6 

.06 

7 

4 

,08 

"     13 

4 

.07 

"     15 

4 

.06 

Sept.    4 

4 

.06 

The  mean  of  these  results  ±0.066*  indicates  a  precision 
more  than  three  times  as  great  as  that  assigned  by  the 
formula,  which  is  based  upon  observations  made  with  larg- 
er instruments  and  greater  magnifying  power.  A  partial 
explanation  of  this  difference  ma3'  perhaps  be  found  in  the 
appearance  of  a  bright  star  in  a  large  telescope,  a  flaming 
body  of  light  whose  exact  position  cannot  be  determined  as 
preciseh'  as  can  that  of  a  fainter  star  or  the  same  star  seen 
in  a  smaller  telescope.  It  is  also  probable  that  the  actual 
relation  of  magnifying  power  to  precision  of  observation  is 
not  represented  bj^  the  formula. 

Perhaps  the  most  striking  illustration  of  the  precision  at- 
tainable with  the  instrument  under  consideration  is  fur- 
nished by  the  individual  values  of  the  chronometer  correc- 
tion furnished  by  the  several  stars  observed  on  each  night. 
These  are  given  in  the  following  table,  which  is  not  a  selec- 
tion of  the  most  consistent  results  out  of  a  series,  but  con- 
tains the  chronometer  correction  given  by  everj^  star  ob- 
served by  me  with  this  instrument  between  June  8  and  Sept. 
4,  1891.  An  equal  number  of  stars  is  observed  in  each  pos- 
ition of  the  clamp  and  the  collimation  has  been  derived  from 
the  observations. 

Junes.      July  18.        July  ao.         Aug. +.  Auk.  7.     Auk-  i;i.     Auk-  !">.     Sept.  4. 

—  5.15"    —10.33"    —11.79"    —14.20"    —13.52"   -8.50'    —8.24"    —14.09" 


5.00 

10.40 

11.79 

14.17 

13.52 

8.48 

8.20 

14.10 

5.10 

10.29 

11.74 

14.18 

13.61. 

8.49 

8.29 

14.12 

5.03 

10.44 

11.73 

11. SI 

14.20 
14.14 

13.62 

8.51 

8.23 

14.18 

-10.36 

14.22 
-14.18 

-8.50 

-8.24 

■5.07 

-11.77 

-13.58 

—  14.14 

From  the  35  residuals  furnished  by  the  above  observa- 
tions I  find  for  the  probable  error  of  a  chronometer  correc- 
tion from  a  single  star  ±0.038",  while  for  the  meridian  circle 
of  the  Washburn  Observatory,  used  in  connection  with  a 
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chronograph,  the  corresponding  probable  error  is  ±0.030. 
In. comparing  the  precision  of  the  results  furnished  by  these 
two  instruments  it  should  be  borne  in  mind  that  the  accu- 
racy of  the  meridian  circle  time  determinations  depends  up- 
on the  perfect  determination  of  the  collimation  b3'  instru- 
mental means,  while  in  the  case  of  the  smaller  instrument 
the  collimation  is  eliminated  b\'  reversal ;  and  that  wherever 
the  time  is  required  with  great  precision,  as  in  the  determin- 
ation of  longitude,  this  difference  between  the  instruments 
gives  a  marked  advantage  to  the  reversible  one. 

The  chronometer  corrections  contained  in  the  above  table 
will  compare  favorably  with  the  corresponding  quantities  in 
any  published  longitude  determination  with  which  I  am 
acquainted,  and  put  in  evidence  not  only  the  quality  of  the 
instrument  but  also  the  excellence  of  the  method  of  deter- 
mining time  by  means  of  an  instrument  mounted  in  the  ver- 
tical of  the  pole  star.  It  is  to  be  regretted  that  American 
astronomers  make  but  little  use  of  so  excellent  a  method 
concerning  which  we  are  tempted  to  say  with  Doellen  that, 
under  all  circumstances  where  time  is  to  be  determined  with 
a  portable  transit  instrument,  it  is  more  advantageous  to 
mount  that  instrument  in  the  vertical  of  the  pole  star  than 
to  mount  it  in  the  meridian. 

Washburn  Observatory,  September,  1891. 


A   NOTE  ON  THE  DISTRIBUTION  OF  THE  STARS. 


W.    H.   S.    MONCK. 


Fok  THE  Mkssexokk. 

In  former  numbers  of  The  Sidereal  Messenger  I  pointed 
out  that,  adopting  the  photometric  scale  and  assuming  the 
distribution  of  the  stars  to  be  uniform,  the  stars  comprised 
in  any  half-magnitude  ought  to  be  (in  round  numbers) 
double  that  comprised  in  the  preceding  half-magnitude  and 
equal  to  the  entire  number  of  brighter  stars.  Taking  the 
Harvard  and  Oxford  Photometries  it  appeared  that  this 
ratio  was  not  realized  anywhere  except  for  the  half-magni- 
tude 2.0  to  2.5,  but  that  for  all  magnitudes  below  5.5  these 
Catalogues  could  not  be  regarded  as  complete.     Taking, 
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however,  Dr.  Seeliger's  count  of  the  stars  in  the  Durschmus- 
terung  and  Schonfeld's  southern  extension  of  it,  the  theoret- 
ical ratio  again  appeared  to  be  exceeded  for  the  half-magni- 
tudes 8.0  to  8.5  and  8.5  to  9.0.  The  half-magnitude  9.0  to 
9.5  I  omitted,  because  it  was  known  that  -Argelander  had 
classed  many  10th  magnitude  stars  as  9.5,  that  being  the 
highest  figure  used  by  him.  The  number  of  stars  from  5.5 
to  6.0  did  not  appear  in  Seeliger's  table,  and  the  position  of 
that  half-magnitude  was  consequently  left  in  doubt. 

The  recenth'  published  Harvard  tables  enable  us  to  a  cer- 
tain extent  to  test  Argelander's  and  Schonfeld's  figures  by 
the  photometric  scale.  They  are  not  indeed  convenient  for 
this  purpose,  because  larger  stretches  were  examined  for  the 
Ijrighter  stars  in  the  D.  M.  than  for  the  fainter  ones.  I  re- 
cently, however,  made  a  count  of  the  stars  in  question  con- 
fined to  the  stretches  of  the  sky  in  which  all  stars  rated  up 
to  9.0  in  the  D.  M.  were  photometricallj'  measured  ;  and 
though  the  following  figures  may  not  be  strictly  accurate  I 
have  no  doubt  that  they  are  so  substantially : 


Ma^arnitudes.       No.  of  Stars- Measu 

ired 

MaRiiitudes. 

No. 

of  Stars  Meas  ured 

at 

Harvard. 

at  Harvard. 

Brighter  than  5.0 

=       57 

7.0  to  7.5 

=     565 

5.0  to  5.5 

=       49 

7.5  to  8.0 

=:     973 

5.5  to  6.0 

=       98 

8.0  to  8.5 

=  1654 

6.0  to  6.5 

=     200 

S.5  to  9.0 

=  2871 

6.5  to  7.0 

=     334 

The  first  four  divisions  here  approach  the  theoretic  ratio 
very  closely,  thus  apparently  indicating  a  relative  thicken- 
ing of  the  stars  between  5.5  and  6.5  similar  to  that  between 
2.0  and  2.5  but  less  marked.  But  from  this  point  onwards 
the  theoretical  ratio  is  not  realized,  and  the  conclusion 
drawn  from  the  D.  M.,  as  to  its  ])eing  exceeded  between  8.0 
and  8.5,  seems  contradicted.  As  regards  the  interval  8.5  to 
9.0  the  question  is  more  doubtful,  for  the  present  Harvard 
table  is  no  d()u])t  incomplete.  All  stars  u])  to  9.0  in  the  I). 
M.  in  these  stretches  were  measured,  but  there  are  probably 
many  stars  rated  above  9.0  in  the  D.  M.  which  would  rate 
])elow  9.0  if  measured  photometrically. 

In  order  to  see  whether  there  was  any  considvrable  ditfer- 
cticc  in  the  star-distribution  in  different  parts  of  the  sky  I 
compared  the  stretches  from  O  to  20"  N.  (inclusive)  with 
those  Ironi  O     to  2<>     S    iiicliisi\f       Tlir  iioithcni  s(  rclcln's 
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seem  to  have  embraced  a  slightly  larger  portion  of  the  sky, 
which  I  believe  accounts  for  its  apparent  greater  richness  in 
stars.    The  figures  are  as  follow  : 


agnitudes. 

No.  of  Stars  N. 

No.  of  Stars  S 

Over  5.0 

17 

20 

5.0  to  5.5 

11 

12 

5.5  to  6.0 

29 

16 

6.0  to  6.5 

62 

54 

6.5  to  7.0 

109 

74 

7.0  to  7.5 

146 

143 

7.5  to  8.0 

278 

222 

8.0  to  8.5 

474- 

419 

8.5  to  9.0 

846 

758 

These  figures  do  not  present  any  differences  which  seem  in- 
explicable on  the  doctrine  of  chances  when  only  a  small  por- 
tion of  the  sky  is  examined.  The  greater  richness  of  the 
southern  region  in  the  stars  brighter  than  5.0,  however,  ap- 
pears to  be  borne  out  as  we  go  farther  no^th.  Thus  for  the 
stretches  from  64°  N.  to  the  pole,  where  the  effect  of  the  Gal- 
axy is  trifling,  I  find 


Magnitudes. 

No.  of 

Stars. 

Magnitudes. 

:No.  of  stars. 

irighter  than  5.0 

2 

7.0  to  7.5 

76 

5.0  to  5.5 

8 

7.5  to  8.0 

127 

5.5  to  6.0 

11 

8.0  to  8.5 

206 

6.0  to  6.5 

28 

8.5  to  9.0 

:vM 

6.5  to  7.0 

47 

These  figures  seem  rather  opposed  to  the  theory,  which  is 
current  in  many  cpiarters,  that  the  brighter  stars  are  dis- 
tributed pretty  equably  everywhere,  while  the  fainter  ones 
are  congregated  in  and  around  the  Galaxy.  But  we  shall 
not  be  able  to  reach  any  decisive  conclusion  so  long  as  our 
measurements  are  confined  to  selected  stretches  instead  of 
embracing  the  entire  sky.  Laborious  as  the  latter  process 
will  be  it  must,  I  think,  ultimateh'  be  undertaken ;  but  in 
the  meantime  less  laborious  photometric  measurements 
(whether  in  connection  with  photography  or  with  Profess- 
or Menchin's  photo-electric  discoveries)  may  be  substituted 
for  those  of  Professor  Pickering. 

In  conclusion  it  may  be  desirable  to  explain  briefly  what 
the  theoretic  ratio  means.  It  does  not  imply  that  the  stars 
are  uniformly  distributed  in  all  directions.  Suppose,  for  in- 
stance, that  all  space  is  divided  into  a  number  of  cones,  each 
having  its  vertex  at  the  spectator,  the  theoretic  ratio  would 
be  realized  if  the  distribution  in  each  cone  was  uniform,  al- 
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though  one  cone  might  be  much  more  thickly  packed  with 
stars  than  another.  It  would  also  be  realized  if,  as  we 
move  outward  from  the  spectator,  the  changes  of  densitj'  in 
these  cones  were  of  a  compensating  character.  But  the  the- 
oretic ratio  might  not  be  realized  if  space  w^as  divided  into 
a  rich  region  and  a  poor  region,  although  the  distribution 
of  the  stars  was  sensibly  uniform  within  each  region.  If  the 
shape  of  the  rich  region  was  such  that  when  we  drew  a 
number  of  spheres  round  the  earth  as  centre  with  ever-in- 
creasing radii  a  constanth-  decreasing  proportion  of  the 
spherical  surface  lay  within  the  rich  region,  the  theoretical 
number  of  stars  would  never  be  realized — at  least  unless  we 
chanced  on  an  unusual  number  of  rich  clusters  at  a  particu- 
lar stage.  And  I  think  few  persons  will  assign  to  the  Gal- 
axy a  spreading  shape  which  would  occupy  an  equal  pro- 
portion of  the  surface  of  each  successive  sphere.  The  first 
question  which  we  have  to  solve,  however,  seems  to  me  to 
be  this :  Are  we  in  the  Galaxy — the  sun  being  one  of  the 
Galactic  stars  situated  in  a  comparative  vacuit\' — and  if 
not,  at  what  distance  do  our  successive  spheres  first  en- 
counter it  ?  If  we  are  outside  of  the  Galaxy  there  ought  ap- 
parently to  be  an  increase  in  the  number  of  stars  beyond  the 
theoretic  ratio  at  the  distance  where  the  first  serious  en- 
counter of  the  Galaxy  with  one  of  our  successive  spheres 
takes  place.  But  circumstances  might  modify  this  result. 
If,  for  instance,  as  some  astronomers  believe,  the  stars  in 
the  Galaxy  are  considerably  smaller  (on  the  average)  than 
those  elsewhere,  the  reverse  effect  might  first  take  place. 
Suppose  that  at  the  average  distance  of  a  7th  magnitude 
star  we  cut  for  the  first  time  pretty  deeply  into  the  Galaxy, 
and  that  the  stars  from  their  smaller  size  were  (on  the  aver- 
age) of  the  8th  magnitude,  we  would  seem  to  have  cut  not 
into  a  rich  region  but  into  a  vacuity ;  and  the  stars  of  the 
7th  magnitude,  instead  of  exceeding  the  theoretical  number, 
would  fall  short  of  it.  The  figures  which  I  have  given  do 
not,  however,  seem  to  afford  decisive  indications  of  our  cut- 
ting into  the  (»alaxv  at  iwy  distance,  and  therefore  the  con- 
clusion seems  to  be  either  that  the  sun  is  in  the  Galax\'  or 
that  the  distance  of  the  Galaxy  from  the  sun  is  greater  than 
that  of  an  average  star  of  the  Dth  magnitude.  An  absorp- 
tion of  light,  however,  citlier   by    the  ctlior  or  by   meteors 
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would  modif)'  the  phenomena;  and  if  meteors  exist  in  space 
in  anything  Hke  the  numbers  which  the  Meteoritic  Hypoth- 
esis supposes  the  loss  of  light  from  this  cause  must  be  very 
considerable. 


RELATIVE    MOTIONS   OF    THE    SPOTS  AND    MARKINGS   ON   THE 
SURFACE  OF  JUPITER.  FROM  MICROMETRICAL  OBSERV- 
ATIONS MADE  AT  THE  LICK  OBSERVATORY. 


E.  E.  BARNAKU. 
FoK  The  Mkssknc.kk. 

In  the  August  number  of  Tiik  Messenger  Professor 
Hough  has  an  interesting  note  about  some  of  the  markings 
on  Jupiter.  In  speaking  of  the  southern  white  spots  he  sa^'s 
"These  spots  .  .  .  give  a  rotation  period  approximately  the 
same  as  the  great  red  spot.'.'  I  have  made  quite  a  number  of 
observations  of  several  of  these  objects  with  the  12-inch 
equatorial,  and  find  that  their  rotation  jjeriod  is  consider- 
ably shorter  than  that  of  the  great  red  spot.  Their  longi- 
tudes diminish  0°.57  (56")  daily,  or  23^^  at  each  rotation  of 
Jupiter,  while  the  red  spot  is  approximately  stationary. 
One  of  these  white  spots  is  now  passing  the  red  spot  closely 
south  of  it. 

Following  are  its  longitudes  on  two  of  the  dates  of  ob- 
servation : 

1891     Aug.  12    ^  —       8°.6 
Aug.  27    A  =  357°.4 

Following  are  two  observations  of  the  great  red  spot  for 
comparison : 

1891    June  5    A  =  3°.l 
Sept.  3    /  =  3°. 3 

I  have  also  followed  another  of  these  white  spots  for  some 
time.  It  is  about  IV2''  in  diameter,  and  is  surrounded  by  a 
dark  circular  shade.  It  has  continued  permanent  for  over  a 
month  without  any  special  change.  Following  are  two  ob- 
servations of  it : 

1891    Julv  27    A  =  125°.9 
Aug.  25    A  =  110°.0 

I  have  observed  the  new  red  spot,  mentioned  by  Professor 
Hough,  since  its  formation  last  year.    It  was  first  dark  and 
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then  turned  red.    Following  are  its  longitudes  at  two  of  the 
observations : 

1891    July  25    /  =  177°.2 
Sept.    7    /  =  151°. 5 

Its  period  is  quite  different  from  that  of  the  old  red  spot, 
being  shorter,  and  does  not  materially  differ  from  that  of 
the  southern  white  spots,  one  of  which  has  been  attached  to 
its  preceding  end  since  last  y^Rv.  The  present  motion  will 
bring  it  around  in  conjunction  again  with  the  great  red  spot 
in  May  next,  when  it  will  pass  close  south  of  that  object. 

It  is  now  the  most  conspicuous  marking  on  the  planet. 
There  is  a  similar  spot — a  little  longer  and  not  so  definite — 
preceding  the  great  red  spot  a  short  distance. 

These  two  objects,  with  the  bright  spots,  are  situated  on 
a  belt  which  passes  just  free  of  the  southern  edge  of  the 
great  red  spot.  There  are,  however,  some  small  bright 
spots  south  of  this  belt. 

Quite  a  number  of  small  black  spots  appeared,  at  the  close 
of  the  observations  last  year,  on  the  first  narrow  belt  about 
9"  north.  They  were  exceedingly  small  and  black — like  a 
row  of  needle  points  strung  along  the  belt.  Some  of  them 
have  enlarged  greatly  and  are  now  becoming  quite  notice- 
able. 

The  small  dark  spots  on  the  north  edge  of  the  equatorial 
belt,  mentioned  by  Professor  Hough,  were  first  seen  by  me 
on  April  26,  1890,  and  have  been  carefully  followed  ever 
since.  They  were  at  first  as  black  and  round  as  the  shad- 
ows of  the  satellites,  but  later  became  red.  Their  periods, 
though  shorter  than  that  of  the  great  red  spot,  are  some- 
what longer  tlian  those  of  the  southern  white  spots.  A 
series  of  micrometer  measures  was  begun  last  year  upon 
two  of  these  which  were  then  about  on  the  same  meridian 
with  the  red  spot.  They  have  been  gradually  approaching 
each  other,  the  distance  between  them  having  diminished 
about  3"  since  last  year.  They  are  now  about  G"  apart. 
There  were  six,  in  all,  of  these  small  spots  and  their  lat- 
itudes were  exactly  the  same. 

Following  are  observatians  of  the  first  of  the  two  men- 
tioned : 

1890  April  20    /I  =  348^.4 

1891  Aug.     9    A  =  253°.9 
Sept.    7    ^  =  248°.l 
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The  longitudes  are  derived  with  the  aid  of  Dr.  Marth's  in- 
valuable Ephemeris  (System  II.)  in  Monthly  Notices. 

There  has  been  quite  a  change  in  the  equatorial  regions 
since  last  year.  A  broad  white  band  now  occupies  the  space 
between  the  northern  and  southern  equatorial  belts. 

I  have  already  called  attention  to  the  increased  intensity 
of  the  great  red  spot,  in  a  communication  to  the  Monthly 
Notices  of  the  R.  A.  S. 

A  remarkable  feature  connected  with  the  red  spot  is  the 
persistence  of  the  bay  formed  north  following  it  by  the 
southern  equatorial  belt.  This  has  been  a  prominent  fea- 
ture for  quite  a  number  of  years  and  is  intimatel3'  associated 
with  the  history  of  the  spot.  It  was  entirely  absent  in 
1880,  though  present  in  1879. 

On  Sept.  4.  1891,  the  first  satellite  was  observed  in 
transit,  overlapping  its  shadow  on  the  south  following  side. 
The  shadow  appeared  as  a  crescent.  With  the  great  tele- 
scope, the  satellite  itself  appeared  perfectly  round,  with  no 
mark  upon  it. 

Mt.  Hamilton,  Sept.  9th,  1891. 


CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 

Mercury  will  be  at  superior  conjunction  with  the  sun  on  Oct.  27.  Dur- 
ing the  first  two  weeks  of  this  month  the  planet  will  be  in  good  position  for 
daylight  observations  in  the  early  part  of  the  day.  The  phase  will  lie 
gibbous,  seven-tenths  of  the  disk  being  illuminated  on  Oct.  3,  and  the 
whole  on  Oct.  27. 

Venus  is  now  "evening  planet"  but  will  for  this  month  be  too  close  to 
the  solar  rays  to  be  easilj^  seen.  Dajdight  observations  in  the  afternoon 
may  be  of  value  in  the  study  of  the  markings  on  the  planet  and  its  rota- 
tion period.  With  our  16-inch  telescope  we  have,  on  several  occasions, 
examined  the  planet  in  full  sunlight,  with  excellent  definition,  and,  although 
there  were  very  faint  dusky  shadings,  they  were  so  indefinite  and  illusory 
that  it  seemed  hopeless  to  identify  them. 

Mars  is  behind  the  sun  and  will  not  be  observable  during  this  year. 

Jupiter  is  now  a  splendid  object  in  large  or  small  telescopes.  Crossing 
the  meridian  between  ten  and  eleven  in  the  evening,  he  is  the  most  conspic- 
uous object  in  the  sky,  excepting,  of  course,  the  moon.  With  a  small  tele- 
scope the  four  moons  and  three  or  four  principal  belts  can  be  seen.  With  a 
large  telescope  the  belts  become  more  numerous,  from  six  to  ten,  their  color 
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is  more  pronounced  and  vastly  more  of  detail  is  seen  in  them.  The  great 
red  spot  is  quite  conspicuous  now,  its  color  decidedK'  pink,  the  central  area 
changing  from  white  to  pink.  The  belt  just  south  of  the  spot  (above  it  in 
an  inverting  telescope)  is  considerabh-  darker  than  the  spot  and  seems 
now  to  crowd  upon  it.  Whether  one  overlaps  the  other  it  seems  impos- 
sible to  decide.  A  portion  of  this  belt  preceding  the  red  spot  by  a  distance 
equal  to  about  one  quarter  of  Jupiter's  diameter,  is  very  deep  red  and 
now  more  conspicuous  than  the  great  spot.  Several  observers  have  called 
attention  to  this  new  red  spot.  A  number  of  small  spots  along  the  edge  of 
the  second  principal  belt  north  of  Jupiter's  equator,  which,  with  low  pow- 
ers, appear  almost  round  and  black,  become,  with  higher  powers,  elongat- 
ed patches  of  deep  red.  Six  of  these  were  counted  on  the  edge  of  one  belt 
and  three  on  another  on  the  night  of  Sept.  3,  1891,  b}-  Professor  Payne  and 
Dr.  Wilson. 

The  attention  of  observers  is  called  to  a  very  narrow  belt  midway 
between  the  two  principal  belts  of  Jupiter,  almost  exactly  on  the  equator 
of  the  planet,  which  is  not  shown  in  drawings  made  in  other  years.  It  was 
sketched  at  Goodsell  Observatory  Aug.  31  at  12 :30  and  Sept.  3,  12:15. 

Saturn  is  "  morning  star,"  rising  an  hour  and  a  half  before  the  sun.  The 
rings  are  now  invisible,  the  sun  shining  on  the  south  side  of  the  rings,  while 
w^e  look  upon  the  north  side.  On  Oct.  30  the  sun  will  begin  to  illuminate 
the  north  side  of  the  rings  so  that  they  should  then  become  visible.  The 
I)lanet  will  be  in  such  an  unfavorable  position  for  observations  that  prob- 
abh"  little  can  be  seen  of  the  phenomena  attending  the  gradual  illumination 
and  opening  of  the  rings. 

Uranus  will  be  at  conjunction  with  the  sun  Oct.  24-,  so  that  he  is  out  of 
A'iew. 

Neptune  may  be  seen  after  nine  o^'clock,  the  best  hours  being  from  mid- 
night to  four  in  the  morning.  He  is  almost  exactly  north  of  the  bright  red 
star  Aldebaran  at  a  distance  of  a  little  less  than  four  degrees,  in  the  con- 
stellation of  Taurus.        .  , 

MERCURY. 

Uate.  R.  A.  Uccl.  Rises.  Transits.  Sets. 

1891.  hm  "'hm  lim  hm 

Oct.    25 13   54.5  —    1058  6  20  A.  M.  II    39.2  A.M.  4   59  P.M. 

Nov.    5 15  02.8         —  17  46        7  14     "  12  04.1  p.  M.        4  55     " 

15 16  06.2         —  22  25         7  59     "  12  27.9  p.  M.        4  56     " 

VENl'S. 
Oct.    25 14   37.9  -    14   53  7    19  A.  M.         12    22.1   P.M.  5   25    P.M. 

Nov.    5 15  32.7        -  19  05        7  50    "  '2  33.9     "  5  18     " 

15 16  24.8        —  21  59        8  16    "  12  46.6    "  5  17     " 

MARS. 
Oct.     25. 12    10.4  -f-     O   06  3    52  A.  M.  9    55.5  A.  M.  3    59   !'•  M. 

Nov.    s! 12  35-«        -    2  41        3  45     "  9  37-7     "  ,3  3>     " 

15 «2  59.3        -    5  10        3  39    "  9  21.6    "  3  05     " 

jrpITKR. 
Oct.     25 2241.7  -     947  3  00  P.M.  8   25."  I.  M.  I    50   A.  M. 

Nov.     5 22  41.3         -    9  47        2   17     "  7  41.3     "  I  of)     " 

15 22   42.2  —     9   39  I    38      "  7   1)2. S      "  12   28      " 
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SATURN. 

Date. 

R.  A. 

Decl. 

Rises. 

Transits. 

Sets. 

1891. 

h      m 

0     /            ji 

m 

h       m 

h     m 

Oct. 

25... 

II   46.6 

+    3  37        3 

14  A.  M 

9  31.6  A.  M. 

3  49  P.  M. 

Nov. 

5- 

II    50.8 

4-    3  II        2 

37     " 

8  52.6    " 

3  09     " 

15- 

"    54.3 

+    2  50        2 

02     " 

8  16.8     " 

2    31       " 

URANUS. 

Oct. 

25  •• 

13  59-0 

-  II   38          6 

27  A.  M 

. 

II    43.8  A.  M. 

5  00  P.  M. 

Nov. 

5- 

14  01.8 

-  "  53        5 

48      " 

II   03.3      " 

4  19     " 

15.. 

14  04.1 

-  12  05        5 

II      " 

10   26.2      " 

3  41     " 

NEPTUNE. 

Oct. 

25... 

4  28.7 

+  20  08          6 

42  P.  -M 

2    10.6  A.  M. 

9  39  A.  M. 

Nov. 

5- 

4  27.3 

+  20   05           5 

58      " 

I    26.3      " 

8  54     " 

15... 

4  26.2 

4-  20  03       5  18    " 

THE  SUN. 

12   45.9      " 

8  14     '« 

Oct. 

25... 

13  59-5 

—   12    12           6 

29  A.  M 

II    44.1   A.  M. 

5   00   p.  M. 

Nov. 

5- 

14  42.4 

—  15  46         6 

44     " 

II  43-7     '• 

4  44     " 

15... 

15  22.9 

-  18  34        6 

57    " 

II  44-7     " 

4  32     " 

Jupiter's 

Satellites. 

Central  Time. 

Central  Tini( 

i. 

h    m 

h    m 

Oct. 

.  16 

12  19  a.m. 

II  Ec.  Re. 

Oct. 

30 

12  25  A.  M. 

II  Oc.  Dis. 

17 

5  32  P.  M. 

II  Tr.  Eg. 

6  13  p.  M. 

Ill  Sh.  In. 

7  28     " 

II  Sh.  Eg. 
Ill  Oc.  Dis. 

7  09    " 

I  Ec.  Re. 

19 

8  01     " 

9  33    " 

Ill  Sh.  Eg. 

11  26    " 

Ill  Oc.  Re. 

31 

7  25    " 

IV  Oc.  Re. 

20 

12   13  A.  M. 

Ill  Ec.  Dis. 

7  31    " 

II  Tr.  In. 

12  58    " 

I  Oc.  Dis. 

9  52    " 

II  Sh.  In. 

10  07  P.  M. 

I  Tr.  In. 

10  24    " 

II  Tr.  Eg. 

11  09    " 

I  Sh.  In. 

Nov. 

1 

12  43  A.  M. 

II  Sh.  Eg. 

21 

12  26  a.m. 

I  Tr.  Eg. 

2 

6  51  p.  M. 

II  Ec.  Re. 

1  27    " 

I  Sh.  Eg. 

4  11  06    " 

I  Oc.  Dis. 

7  26  p.  M. 

I  Oc.  Dis. 

5 

8  14    " 

.      I  Tr.  In. 

10  44.    " 

I  Ec.  Re. 

9  28    " 

I  Sh. In. 

22 

5  37    •' 

I  Sh.  In. 

10  33    " 

I  Tr.  Eg. 

6  53    " 

I  Tr.  Eg. 

11  46    " 

I  Sh.  Eg. 

7  55    " 

I  Sh.  Eg. 

6 

5  11     " 

Ill  Tr.  In. 

10  01    " 

II  Oc.  Dis. 

5  34    " 

I  Oc.  Dis. 

23 

5  13    " 

I  Ec.  Re. 

8  38    " 

Ill  Tr.  Eg. 

5  31    " 

Ill  Sh.  Eg. 

9  04    " 

I  Ec.  Re. 

7  08    " 

IV  Sh.  In. 

10  15    " 

Ill  Sh.  In. 

10  54    " 

IV  Sh.  Eg. 

7 

5  01    " 

I  Tr.  Eg. 

24 

5  04     " 

II  Tr.  In. 

6  15    " 

I  Sh.  Eg. 

7  14    " 

II  Sh. In. 

10  00    " 

II  Tr.  In. 

7  57    " 

II  Tr.  Eg. 

9 

5  06    " 

IV  Sh.  Eg. 

10  05    " 

II  Sh.  Eg. 

9  28    " 

II  Ec.  Re. 

26 

11  37    " 

Ill  Oc.  Dis. 

11 

4  40    " 

II  Sh.  Eg. 

27 

11  56    " 

I  Tr.  In. 

12 

10  06    " 

I  Tr.  In. 

• 

28 

1  04  A.  M. 

I  vSh.  In. 

11  24    " 

I  Sh. In. 

9  15  p.  M. 

I  Oc.  Dis. 

13 

7  26    " 

I  Oc.  Dis. 

29 

12  40  A.  M. 

I  Ec.  Re. 

9  00    " 

Ill  Tr.  In. 

6  24  p.  M. 

I  Tr.  In. 

11  00    " 

I  Ec.  Re. 

7  33    " 

I  Sh.  In. 

14 

4  34    " 

I  Tr.  In. 

8  43    " 

I  Tr.  Eg. 

5  53    " 

I  Sh. In. 

9  51     " 

I  Sh.  Eg. 

6  53    " 
8  11    " 

I  Tr.  Eg. 

I  Sh.  Eg. 

" 

15 

5  29    " 

I  Ec.  Re. 
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Configuration  of  Jupiter's  Satellites  at  lo  p.  m 

.,  for 

an  Inverting  Telescope. 

Oct.  16 

3  0 

124 

Nov.    1 

3  2  0 

14 

Nov. 

16 

341 

0 

• 

17 

312  0 

4 

2 

13  0 

24 

17 

0 

3412 

18 

32  0 

14 

3 

0 

1234 

18 

1  2 

0 

43 

19 

1  0 

24* 

4 

21  0 

34 

19 

2 

0 

134 

20 

0 

1234 

5 

2   0 

342: 

20 

1 

0 

324 

21 

2  0 

34« 

6 

•    0 

24y 

21 

3 

0 

242; 

22 

1  2  0 

34 

7 

31  0 

24 

22 

32 

0 

1  4 

23 

34  0 

12 

8 

32  0 

41 

23 

3  12 

0 

4 

24  3  4  1  2  O 

9 

43  1  0 

2 

24 

0 

3142 

25 

4320 

1 

10 

4  0 

13 

2 

25 

12 

0 

3  21 

26 

413  0 

2 

11 

412  0 

3 

26 

42 

0 

13 

27 

4  0 

123 

12 

42  0 

13 

27 

4  1 

0 

23 

28 

42  1  C 

3 

13 

41  0 

32 

28 

43 

0 

12 

29 

42  0 

34 

14 

431    0 

2 

29 

432 

0 

• 

30 

43  0 

12 

15 

342  0 

1 

30  4  3  2  1 

0 

31 

31   0  44 
ate  Central  Time 

ot  passes  the  Central 

Approxim 

s  when  the  Great  Red  Sp 

Mer- 

idian 

ofji 

apiter. 

h        m 

h 

m 

h 

m 

Oct.     5 

9     09  P 

M. 

Oct. 

19 

10 

41   i 

•.  M. 

No 

V.  3 

12 

11 

A.  ^f. 

6 

5     00 

' 

20 

6 

32 

' 

3 

8 

02 

p.  M. 

7 

10     47 

' 

22    . 

12 

19  a 

M. 

4 

3 

53 

« 

8 

6     38 

i 

22 

8 

10  P 

M. 

5 

9 

10 

' 

9 

12    26  a 

M. 

24 

1 

51  A 

M. 

6 

31 

' 

10 

8    17p 

M. 

24 

9 

48  p 

M. 

7 

11 

18 

' 

11 

4    08 

' 

25 

5 

39 

8 

7 

10 

» 

12 

9    55 

' 

26 

11 

26 

9 

3 

01 

' 

13 

5    46 

' 

27 

7 

17 

10 

8 

48 

< 

14 

11    33 

' 

29 

1 

04 

11 

4 

39 

' 

15 

7    .26 

' 

29 

8 

55 

12 

10 

20 

' 

17 

1     12  a 

M. 

30 

4 

46 

13 

6 

17 

" 

17 

9    03p 

M. 

31 

10 

33 

ir. 

12 

04 

A.  M. 

18 

4    54 

1 

Occul 

Nov 

1 

6 

24 

igton. 

15 

7 

55 

P.  M. 

tations  Visible  at  Washii 

IMMERSION. 

EMERSION. 

Star's 

Magni- 

Wash. 

Angli 

:fm 

Wash.       Angle  f 

m 

Dura- 

Date. 

Name. 

tude. 

Mean  T 

N.  P't. 

Mean 

T. 

N.P't 

tion. 

h 

m 

h     m 

° 

h  m- 

Oct.    5" 

«*  Librae 

2.9 

4 

10 

II 

? 

5  30 

I 

291 

I   20 

lO... 

B.  A,  C.  6666 

5-8 

8 

50 

165     Staro. 

'  S.  of  moon's 

limb. 

12... 

35  Capricorni 

6.2 

7 

11 

54 

8  29 

.6 

^ 

I    19 

12... 

J7  Capricorni 

6.0 

12 

02 

I 

6 

12  45 

0 

0  43 

19... 

56  Tauri 

6.0 

16 

58 

•59 

17  05 

6 

172 

0  07 

20... 

103  Tauri 

6.0 

10 

05 

5 

3 

II  02 

9 

270 

0  58 

Nov.  14— 

6  Arietis 

5-5 

>5  49 

5 

I 

«6  43-5 

269 

0  55 

15... 

13  Tauri 

5-7 

12 

23 

333    Star  0.6 

N.  of  moon's 

lit 

nb. 

Phases  and  Aspects  of  the  Moon. 

Central  Time, 

d          h  ni 

Perigee Oct.      16      11  24  A.M. 

Full  Moon "       17        7  45  a.  m. 

Last  yuartcr "      24       7  56  a.  m. 

Apogee "       28      10  42  P.M. 

New  Mooji Nov.      1      12  33  p.  m. 

First  yuurtcr "        9       2  46  a.  m. 

Perigee "      13       7  12  p.m. 

Full  Moon "       15       6  16  v.  m. 
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Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 

R.  A 0''52'»32' 

Decl +  81°  17' 

Period 2dll''50'" 

Oct.  17  7  p.  M. 

22  7     " 

27  7      " 

Nov.   1  6      " 

6  6      " 

11  6      " 

ALGOL. 

R.  A a^oirooi' 

Decl +  40°  32' 

Period 2c/20''49'" 

Oct.  25  3  A.  M. 

27  midn. 

30  9  p.  M. 

Nov.     2  6  p.  M- 

14  5  A.  M. 

X TAURL 

R.A 3''54">35' 

Decl +  12°  11' 

Period 3d  22'^  52"' 

Oct.  11  11  p.  M. 

21  9     " 


X  TAURI,  Cunt. 


Oct.    2  5 

29 

Nov.     2 

6 


8  p.  M. 

7     " 
6     " 


R  CANIS  MAJ. 
R.  A 7'' 14""  30* 


Decl 

Period 

Oct.  17 

23 

24 

25 

2 

3 

10 

11 


Nov 


..  -16°  11' 
ld03»'16'» 

5  A.   M. 

midn. 

3  A.  M. 

6 

2 

5 

1 

4 


S  ANTLIAE. 

R.  A 9'>27'°30' 

Decl -    28°    9' 

Period Od  07*'  47"° 

Oct.  16  6  A.  M. 

17  5     " 

18  5      " 

19  4      " 


S.  ANTLI^,  CONT. 


Oct.    20 

3  A, 

M. 

28 

6      ' 

29 

6      ' 

30 

5      ' 

31 

5      ' 

Nov.    1 

4      ' 

2 

4      ' 

3 

3      ' 

9 

6      ' 

10 

5      ' 

11 

4      ' 

12 

4      • 

13 

3      " 

Y.  CYGNI. 

R.  A....;.... 

..20''  47m  40. 

Dec] 

+  34°  15' 

Period 

..Id  ll*'  5 

'"' 

Oct.  11 
19 
22 
25 
28 
31 
3 
6 
9 
12 
15 


Nov, 


midn. 


11 
11 
11 
11 
11 


COMET  NOTES. 


Ephemeris  of  the  Temple-Swift  Periodic  Comet. 
(Continued  from  page  367.) 


1891 

App.  R, 

A. 

App. 

Decl. 

log /J 

Ab.  T. 

1 

r^  J 

h 

m 

8 

c 

' 

m 

s 

Oct.  16 

21 

10 

48 

+    6 

6.4 

18 

21 

12 

49 

+    6 

43-9 

9.4512 

2 

21 

9-54 

20 

21 

15 

13 

+    7 

234 

22 

21 

iS 

00 

+    8 

04.8 

9-4353 

2 

16 

10.54 

24 

21 

21 

12 

+    8 

43-3 

26 

21 

24 

.50 

+    9 

34.0 

9.4189 

2 

II 

11.64 

28 

21 

28 

5^ 

+  10 

22.2 

30 

21 

33 

30 

+  " 

12.8 

9.402 1 

2 

06 

12.83 

OV.        I 

21 

3« 

35 

+  12 

05.8 

3 

21 

44 

II 

+  13 

01.6 

9-3851 

2 

01 

14.09 

5 

21 

SO 

21 

+  13 

59-9 

7 

21 

57 

07 

+  15 

00.9 

9-3683 

I 

56 

15.41 

9 

22 

04 

31 

+  16 

04.2 

II 

22 

12 

34 

+  17 

ID.  I 

9.3520 

I 

52 

16.71 

13 

22 

21 

20 

+  18 

18.0 

15 

22 

30 

48 

+  19 

27.7 

9.3370 

I 

48 

»7-93 
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Epbemeris 

of  Encke's  Comet  for  1891. 

(Continued  from  page 

368.) 

App.  R.  A. 

h    m    s 
II   20  36 

App.  Decl. 

logr 

log  J 

Ab.  T. 

Oct.      6 

+ 

9  42.0 

9.6659 

0.0159 

8  36 

7 

II   27  55 

+ 

8  27.2 

9.6503 

0.0223 

8 

"   35    12 

+ 

7  11.8 

9-6347 

0.0289 

8  52 

9 

II   42  29 

+ 

5  56.0 

9.6191 

0.0357 

lO 

II  49  45 

+ 

4  39-8 

9.6042 

0.0427 

9  09 

II 

II  57  02 

+ 

3  23.2 

9-5897 

0.0498 

12 

12  04  20 

-f 

2     6.4 

9.5762 

0.0570 

9  27 

13 

12  II  40 

+ 

0  49.4 

9.5627 

0.0642 

14 

12  19  03 

— 

0  27.6 

9-5531 

0.0713 

9  47 

15 

12  26  30 

— 

I  44-4 

9.5444 

0.0783 

i6 

12  34  00 

— 

3     0-9 

9-5377 

0.0853 

10  06 

17 

12  41  34 

— 

4  16.9 

9-5336 

0.0921 

i8 

12  49  13 

— 

5  32-2 

9-5321 

0.0987 

10  25 

19 

12  56  53 

— 

6  46.1 

9-5336 

0.1050 

20 

13  04  34 

— 

7  58.3 

9-5374 

O.IIII 

10  43 

21 

13  12  16 

— 

9    8.9 

9-5439 

O.I  169 

22 

13  19  59 

— 

10  17.7 

9-5527 

0.1225 

II  00 

23 

13  27  41 

- 

II  24.3 

9-5634 

0.1278 

24 

13  35  21 

— 

12  28.7 

9-5757 

0.1329 

II   16 

25 

13  42  59 

- 

■  13  30-5 

9-5893 

0.1378 

26 

13  50  34 

— 

•  14  29.9 

9.6036 

0.1426 

II  31 

27 

13  58  06 

- 

15  26.8 

9.6187 

0.1472 

28 

14  05  33 

- 

-  16  21.2 

9.6341 

O.I5I6 

II  46 

29 

14  12  56 

- 

-  17  I3-I 

9-6497 

0.1560 

30 

14  20  14 

- 

-  18    2.4 

9.6654 

0.1604 

12  00 

31 

14  27  27 

- 

-  18  49-3 

9.6809 

0.1646 

Nov.     I 

14  34  36 
Epbemeris  of  Cc 

— 

-  19  33-9 

9.6963 
s  Periodic  C 

0.1687 

omet). 

12   14 

met  1891  (WolP 

(Continued  from  page 

307.) 

App.  R.  A. 

App.  Decl. 

logr 

log  J 

Br. 

h    m     8 

0 

Oct,    5 

4  31   23 

+  II  48.3 

0.2110 

9-9249 

6 

32  20 

+  II   17.6 

7 

33  15 

+  10  46.7 

0.2121 

9.921 1 

8 

34  07 

- 

-  10  15.4 

9 

34  55 

- 

-    9  44.0 

0.2133 

9-9175 

10 

35  41 

- 

-    9  12.2 

II 

36  25 

- 

-    8  40.3 

0.2145 

9-9143 

12 

37  05 

- 

-    8  08.1 

»3 

37  43 

- 

-    7  35-8 

0.2158 

9.9115 

12.1) 

«4 

3«  17 

- 

-    7  03.3 

15 

38  49 

- 

-    6  30.8 

0.2171 

9.9089 

16 

39  18 

- 

-    5  58.1 

>7 

39  44 

- 

-    5  25.3 

0.2185 

9.9068 

18 

40  07 

J 

-    4  52.5 

■9 

40  28 

- 

-    4  19.6 

0.2199 

y.9050 

12. I 

20 

40  46 

- 

-    3  46.8 

21 

41  01 

- 

-    3  140 

0.32J4 

9.9036 

22 

41   «3 

- 

-    2  41.2 

2J 

41  22 

- 

-   2  08.6 

0.2230 

9.9026 

24 

41  29 

-I 

-    I  360 

»5 

4»  33 

- 

-    I  03.6 

0.2246 

9.9021 

12.0 

26 

41  35 

- 

-  0  31.1 

-  0  00.8 

27 

41  34 

- 

0.2262 

9.9020 
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Gr. 

M.  T. 

App".  R.  A. 

App. 

Decl. 

Logr 

Log  J 

Light. 

h     m    s 

0     / 

28 

4  41    30 

— 

0 

32.5 

29 

41    24 

— 

I 

04.0 

0.2279 

9.9023 

30 

41    16 

— 

I 

352 

31 

41   05 

— 

2 

06.1 

0.2296 

9.9030 

Nov. 

I 

40   52 

— 

2 

36.7 

2 

40  37 

— 

3 

06.9 

0.2313 

9.9042 

3 

40  20 

— 

3 

36.6 

4 

40  01 

— 

4 

05-9 

0.2331 

9.9059 

5 

39  40 

— 

4 

34.8 

6 

39  17 

— 

5 

03.1 

0.2350 

9.9080 

II. 2 

7 

38  52 

— 

5 

31.0 

8 

3825 

— 

5 

58.2 

0.2369 

9.9105 

9 

37  57 

— 

6 

25.0 

10 

37  27 

— 

6 

5'i 

0.2388 

9-9135 

II 

3656 

— 

7 

16.6 

12 

4  36  24 

— 

7  41-6 

0.2407 

9.9169 

10.4 

Sun's  R.  A. 

IS''  23" 

54.99« 

Moon's  R.  A. 

3    23 

54.99 

Sun's  Decl. 

18°  37' 

41.1"  S. 

Moon's  Decl. 

18    21 

05.5    N. 

Sun's  Equa.  hor. 

parallax 

8.7 

Moon's  Equa. 

60 

03.2 

Total  Eclipse  of  the  Moon  Nov.  15,  1S91.  This  will  be  visible  gener- 
ally throughout  North  and  South  America,  Europe,  Asia  and  Africa.  In 
the  eastern  and  central  parts  of  the  United  States,  the  whole  of  the  eclipse 
will  be  visible.  In  the  western  parts  the  moon  will  rise  eclipsed.  The  fol- 
lowing are  the  elements  of  the  eclipse  as  given  in  the  American  Ephemeris: 

Greenwich  mean  time  of  conjunction  in  right  ascension,  Nov.  15,  12** 
08'"  44.8*. 

Hourly  motion  10.29'. 

Hourly  motion  145.10 

Hourlv  motion  0'  37.9"  S. 

Hourly  motion  12    23.6    N. 

Sun's  true  semi-diam.     16    10.9 
Moon's  true  semi-diam. 16    21.1 

Times  of  the  Phases. 

Gr.  Mean  Time.  Gr.  Mean  Time. 
Moon  enters  penumbra  Nov.  I5  gh  3>9m    Total  eclipse  ends  ijh  00.7m 

Moon  enters  shadow  10    3j.o        Moon  leaves  shadow  14    03.0 

Total  eclipse  begins  11     37.0        Moon  leaves  penumbra  15    02.6 

Middle  of  eclipse  13     188 

To  obtain  the  standard  times  of  these  phases  for  any  given  place,  sub-^ 
tract  the  longitude  of  the  meridian  which  is  employed  as  a  standard  for 
time  at  that  place.    Thus  for  a  place  using  Eastern  time,  subtract  5^;  for 
one  using  Central  time  substract  6^,  etc.,  from  the  Greenwich  times. 

At  Northfield  the  moon  will  be  a  little  below  the  eastern  horizon  at  4'' 
35'"  central  time,  when  it  begins  to  enter  the  dark  part  of  the  earth's 
shadow. 

During  the  eclipse  the  moon  will  occult  a  number  of  faint  stars.  Ordi- 
narily the  brightness  of  the  moon's  light  effectually  prevents  us  from  seeing 
occultations  of  stars  fainter  than  the  seventh  magnitude,  but  during  a  to- 
tal eclipse  the  rudd\'  light  is  so  mild  that  much  fainter  stars  can  be  ob- 
served as  they  pass  behind  the  moon's  limb.  All  observations  of  the  occult- 
ations of  such  stars  are  of  value  as  data  for  determining  the  diameter  of  the 
moon  and  for  deciding  the  question  of  the  lunar  atmosphere.  The  points 
to  be  noted  are  the  exact  times  of  disappearance  and  reappearance  of  the 
star,  and  any  change  in  the  physical  appearance  of  the  star  as  it  ap- 
proaches or  recedes  from  the  edge  of  the  moon.  The  observer  must  deter- 
mine accurately  the  error  of  his  time-piece  and  the  latitude  and  longitude  of 
the  place  of  observation. 
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III  order  to  cn.'iblc  observers  to  sec  what  stnrs  will  be  occulted  and  to 
identify  tliosc  wliieli  they  may  l)c  able  to  observe,  we  have  prepared  a  chart 
•of  the  region  of  the  sky  in  which  the  eclipse  occurs.  All  stars  down  to  the 
0.5  magnitude  ore  shown,  the  jjlaees  being  taken  from  Argclandcr's  cata- 
logue, known  ns  the  Durchmustcrung.  The  apparent  path  of  the  moon 
and  of  the  earth's  shadow,  as  aflfeeted  by  parallax  at  Northfield,  are  also 
Intd  down  on  the  chart.  The  line  Mhl  is  the  path  of  the  moon's  center. 
The  small  circles  rci)resent  the  moon  at  the  beginning,  middle  and  end  of 
eclipse.  The  large  circle  represents  a  cross-section  of  the  earth's  shadow  at 
the  distance  of  the  moon.    The  line  SW  is  the  njiparcnl  i)atli  of  the  center  o^ 
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the  cross-section  of  the  shadow  as  seen  from  Northfield.  The  figures  on  the 
line  MAT  are  the  hours  of  central  time  when  the  moon's  center  will  be  at  the 
points  marked.  The  figures  on  the  margin  of  the  cut  give  the  right  ascen- 
sions and  declinations  of  the  portions  of  sky  represented. 

It  will  be  easy  for  observers  in  the  vicinity  of  Northfield  to  determine 
approximately  the  time  of  immersion  and  emersion  of  each  star,  by  simply 
drawing  circles  of  the  size  given  for  the  moon  with  their  centers  along  the 
line  MN  and  circumferences  passing  through  the  star  in  question,  then 
measuring  the  proportioftal  parts  of  hours  along  the  line  MN.  For  a  place 
very  distant  from  Northfield  it  will  be  necessary  for  the  observer  to  calcu- 
late for  his  own  station  the  path  of  the  moon  and  plat  it  upon  the  chart. 

For  the  convenience  of  observers,  also  Professor  John  A.  Parkhurst  has 
computed  for  a  number  of  observatories  in  the  United  States,  the  times  of 
immersion  and  emersion,  and  the  angles  from  the  north  point  and  vertex  of 
the  moon  where  these  will  occur,  for  all  of  the  stars  likely  to  be  occulted. 
We  have  added  to  the  table  which  he  has  prepared,  the  corresponding  data 
for  Northfield,  calculated  by  one  of  our  own  computers. 

'  List  of  Stars  in  and  near  the  Earth's  Shadow.    . 


star. 

Mag. 

DM.  + 

17,558 

9.4 

16,  446 

9-5 

16,  447 

9-5 

17,559 

9-5 

17,  560 

9-5 

18,  489 

8.6 

17,  561 

9-5 

17.  562 

9-3 

18,  492 

8.3 

18, 493 

9-5 

17,  563 

9.1 

17.  564 

6.5' 

17,  565 

8.5* 

17,  566 

9-5 

18,  494 

8.3 

18,  496 

9-5 

18,  497 

9-5 

17,567 

9-3.'' 

17,  568 

8.8 

17,  569 

9.5* 

17,  570 

9.5.'' 

18,  498 

9-5 

«7,  571 

9.4 

18,  499 

9-5 

18,  501 

9-5 

18,  502 

9-3 

17,  572 

9.2* 

16,  460 

9-5 

18,  504 

9-5 

17,573 

8.3* 

R.  A. 
1892.0 


22  14 

22  20 

23  10 
23  12 
23  38 

23  50 

24  14 

24  44 

25  04 
25  08 
25  14 
25  17 
25  29 

25  34 

25  47 

26  02 
26  17 
26  18 
26  18 
26  20 
26  26 
26  35 
26  36 
26  46 
26  !;3 

26  55 

27  12 

27  13 
27  40 


Decl.  1892.0. 

star. 

0 

I  DM.  + 

f  18  06.5 

■   17,  574 

17  04.9 

:  «7,  575 

17  02.9 

17,  576 

17  25.0 

:  17,577 

17  09.6 

17,  578 

18  21.3 

18.  505 

17  14.0 

17,  579 

17  08.3 

17,  580 

18  25.5 

18,  507 

18  09.1 

17.581 

17  09.8 

.18.  508 

17  34-6 

17.582 

17  26.0 

'7,  583 

17  30.8 

17,584 

18  26.1 

17,585 

18  30.1 

17,  586 

18  36.9 

18,  511 

17  J9-4. 

18,  512 

17  I5> 

17,  587 

17.  41. 1 

17,588 

17  57.0 

17,  589 

18  26.1 

17,  590 

17  17.9 

17,  591 

18  39.9 

18.514 

18  27.2 

17,  592 

18  11.4 

18,  516 

17  58.6 

17,  593 

17  04.4 

17,  594 

18  33-3. 

17,  595 

17  531 

Mag:. 


9-5 

7.0? 

9-5* 
9-5' 
9.0 

9-3 
9-3 
9-5? 
7.0 

9-5 

9-5 

9-3* 

9-5* 

8.3 

8.5* 

9-5 

9-5 

9-4 

8.0* 

9-3 
9-3 
9-5 
8.5 

8.3* 
8.5 
9-5 
9.0 

9-5 
8.2 


R.  A. 
1892.0 


27  52 

28  00 
28  02 
28  07 
28  20 
28  24 

28  49 

29  02 
29  07 
29  14 
29  21 

29  39 

29  48 

30  09 
30  13 
30  37 
30  38 
39  41 
30  52 

30  55 
30  57 
30  58 


3> 
31 

3« 
3' 
31 
31 


Decl.  1892.0 

+  >7 

"•5 

»7 

29-3 

18 

05,7 

•7 

5«-5 

17 

20.5 

18 

29.9 

17 

21. 1 

'7 

37-5 

18 

17 
18 

33-4 
31.6 

23.8 

17 
iS 

52.8 
06.4 

17 

27.8 

18 

00.7 

17 
18 

24.6 
29.6 

18 

36.3 

18 

00.0 

24.7 
30-4 
56.7 

32-7 

15.2 

49.9 

16.3 

8  06.1 

7  50-8 

7   150 


The  places  of  the  stars  are  taken  from  Argelander's  Beobachtungen  zu 
Bonn,  Band  III,  and  have  been  reduced  to  1892.0. 

The  stars  marked  with  an  *  will  be  occulted  at  Northfield.  Those 
marked   ?  will  perhaps  be  occulted  at  Northfield. 

Those  marked  *,  having  greater  R.  A.  than  3''  30'"  will  be  occulted 
after  the  moon  passes  partially  out  of  the  shadow. 
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ASTRONOMY  FOR  AMATEURS. 


Drifting  Meteor  Trains. 


E>.  E.  BARNARD. 

The  observations  of  meteors  and  meteor  trains  by  the  naked  eye  is  com- 
mon, but  the  study  of  these  interesting  objects  by  the  aid  of  the  telescope, 
so  far  as  we  know,  is  almost  wholly  neglected,  although  such  work  might 
A-ield  valuable  results. 

Whenever  a  train  is  visible  to  the  imaided  e^'e  for  several  seconds  of  time, 
it  can  often  be  seen  with  the  telescope  for  as  many  minutes;  since  this  is  so, 
such  observations  might  throw  light  on  the  question  regarding  the  exist- 
ence of  a  constantly  eastward  current  or  currents  in  the  upper  atmosphere. 
We  have  kept  a  record  of  all  the  trains  of  meteors  observed  for  nearh-  a 
3'ear  past,  and  give  the  following  as  the  more  important  part  of  it : 

In  1881,  Nov.  16,  near  7^  (full  account  given  in  Science,  No.  75,  Vol.  2, 
and  Science  ObserrerKo.  35),  magnificent  meteor  near  Capclla,  many  times 
brighter  than  Venus;  traversed  a  path  of  about  10°  in  about  two  or  three 
seconds  toward  the  north-east ;  the  train  remaining  plainK*  visible  to  the 
naked  eye  for  six  minutes,  and  in  the  telescope  lor  over  fifteen  minutes,  its 
width  about  one-fourth  of  a  degree,  its  length  the  full  extent  of  the  me- 
teor's path.  The  luminous  train  was  knotted  with  cloudy  tufts  and 
crooked  in  a  most  curious  manner,  constantly  "changing,  and  of  a  bright 
pinkish  color.     It  moved  north-east  four  degrees  in  fifteen  minutes  of  time. 

August  5,  near  9'\  1882 ;  Brighter  than  a  first  magnitude  star,  of  a  whit- 
ish color,  rapid  in  motion,  passing  a  little  east  of  over  head.  Its  .light  was 
from  Cassiopeia  to  Scorpio.  This  meteor  left  a  streak  nearly  60°  long, 
visible  to  the  naked  eye  for  a  few  seconds  only,  but  watched  in  the  telescope 
for  fully  ten  minutes,  where  it  appeared  first,  very  bright  and  unbroken, 
straight  as  a  shaft,  clean  and  sharp  in  outline,  and  brighter  along  the  axis, 
but  in  two  seconds  it  became  crooked  and  sinuous,  drifting  south-east  at 
the  rate  of  about  one  degree  in  two  minutes  (at  this  time  there  was  a  faint 
breeze  from  the  south-cast).  The  brightness  of  the  train  remained  very 
prominent,  though  it  became  more  and  more  distorted  and  crooked  each 
moment.  Near  the  jioint  of  disappearance  of  the  meteor  there  was  a  very 
bright  irregular  mass  of  glowing  vapor  which  retained  its  brightness  long- 
est, and  had  the  irregularity  of  the  great  nebula  of  Orion,  which  it  some- 
what resembled  at  times.  The  gaseous  train  was  more  or  less  distinct, 
though  getting  faint  when  observation  ceased.  The  color  of  this  train  was 
that  of  lightish  smoke  tinged  with  a  warm  glow  especially  in  the  southern 
part  of  the  train  near  Scorpio.  A  few  seconds  after  tiic  a])|)earance  of  this 
meteor,  a  similar  one  shot  rapidly  across  tiic  heavens  from  Cassiopeia  to 
the  cast  of  south;  a  train  from  it  was  visible  for  several  seconds,  but  there 
was  no  time  to  examine  it  with  the  telcscoi>e. 

August  10,  near  10'',  two  briglit  tneteors,  wliito  in  color,  of  the  first 
magnitude  were  seen  within  a  few  mintitcs;  l)otli  had  siiort  patlis  and  came 
from  CasBhpcia;  very  quick  in  flight,  following  nearly  the  same  path 
1m •'•'-  '.vr«<t.     Tlw  tr.'ick  of  <','i('li  meteor  Wiis  cN'miined — .mImiosI    while 
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the  meteors  were  in  flight — that  part  of  the  sky  being  watched  in  the  hope 
of  catching  a  meteor  in  motion.  The  trains  were  seen  and  were  similar  in 
ev'ery  respect,  a  narrow  streak  3*^  or  4°  long  melting  away  in  about  two  or 
three  seconds,  affording  merely  a  glimpse:  both  were  straight,  their  dura- 
tion was  too  short  to  detect  any  motion  ;  color,  light  warm. 

August  11,  near  IS*",  nearly  of  first  magnitude,  whitish,  appeared  just 
north  of  ^  of  Auriga,  and  traversed  a  path  of  about  20°  very  quickly 
toward  the  south :  luminous  train  full  length  of  path,  visible  to  the  eye 
only  for  a  second  or  two,  but  watched  in  the  telescope  for  nearh*  five 
seconds  in  which  it  appeared  long  and  perfectly  straight,  much  brighter 
along  the  axis,  but  in  a  few  seconds  it  began  to  crook  and  bend,  moving 
rapidly  south-east.  A  bright  knot  became  visible  in  it  which  moved  much 
more  rapidl3',  seeming  to  pull  the  rest  of  the  luminous  streak  after  it. 
The  motion  toward  the  south  east  was  one  degree  in  one  minute  and 
ten  seconds,  the  train,  a  pale  warm  color. 

August  18,  near  10'>  30™.  Fine  meteor  equal  to  a  first  magnitude  star. 
Very  rapid  flight  towards  the  south-west,  passing  a  little  east  of  a  of  Cap- 
ricornus.  Luminous  train  seen  with  the  naked  eye  only  a  few  seconds,  but 
visible  in  the  telescope  for  fully  ten  minutes;  at  first,  as  a  thin  straight  line 
which  in  a  few  seconds  began  to  bend  and  crook  itself  into  serpentine 
curves,  moving  the  meanwhile  slowly  toward  the  north-east,  about  one 
degree  in  three  and  a  quarter  minutes.  In  places  along  the  train  were 
brighter  cloudy  masses.  These  had  a  motion  greater  than  the  general 
train. 

August  19,  near  13'»  30"",  a  fine  bright  meteor  of  the  first  magnitude,  of  a 
whitish  color,  shot  very  rapidly  across  Cetus  just  south-east  of  Mira; 
motion  towards  the  south,  slightly  west.  Duration  of  flight  over  one  and 
one-half  seconds,  train  visible  to  the  eye  for  about  two  seconds;  with  the 
telescope  the  train  was  not  continuous,  there  being  little  or  none  of  the 
.luminous  smoke  where  the  meteor  disappeared,  while  near  the  point  of  ap- 
pearance la\'  a  very  bright  strip  some  30'  long  and  about  1'  broad ; 
1)etween  this  and  the  south  end  of  the  train  were  numerous  bright  cloudy 
masses.  The  train  became  quicklj'  distorted,  one  bright  portion  moved 
more  rapidly,  the  rest  following  in  its  wake.  The  bright  mass  was  visible, 
for  nearly  three  minutes,  moving  at  the  rate  of  one  degree  in  thirty-two 
Iseconds.  This  gradually  faded  from  sight  without  diffusion  seeming  to 
melt  from  view.  During  the  watch  it  had  expanded  slightly  in  size.  This 
train  had  the  most  rapid  motion  of  any  before  observed.  The  brightest 
parts  would  be  but  a  little  less  than  the  nebula  of  Orion. 

From  the  above  observations  many  interesting  thoughts  are  suggested. 
It  is  apparent  that  the  opportunity  for  continued  observation  of  the 
luminous  smoke  left  by  the  meteor  in  its  retarded  flight  through  our 
atmosphere,  is  not  so  very  rare  and  its  existence  not  so  transient  as  might 
be  supposed,  not  infrequently  offering  ten  or  fifteen  minutes  of  observation 
and  possibly,  in  some  rare  instances,  remaining  visible  in  good  telescopes 
for  several  hours,  thus  affording  sufficient  time  for  examination  into  their 
chemical  compiosition  by  the  aid  of  the  spectroscope.  The  idea  suggests 
itself  to  us  that  observations  of  the  motions  of  these  trains  would  be  in- 
valuable in  determining    atmospheric  currents  at  great    altitudes,   there 
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being  now  no  possible  means  of  knowing  anything  relative  to  the  existence 
and  direction  of  currents  in  the  upper  strata  of  our  atmosphere. 

We  can  ascend  but  a  few  miles  at  most  in  balloons,  and  the  highest 
clouds  reach  ver^-  little  above  that,  and  at  such  low  altitudes  the  atmos- 
pheric currents  are  likeh'  to  be  disturbed  and  greatly  changed  by  local 
causes,  such  as  mountain  chains,  etc.  But  at  such  great  altitudes  where 
the  meteor  first  enters  our  atmosphere,  there  are  no  local  causes  to  disturb 
the  general  direction  of  the  currents,  and  if  we  were  only  able  to  observe 
their  motion  a  much  better  knowledge  of  the  physical  construction  of  our 
globe's  envelope  of  air  might  be  had. 

It  is  utterly  impossible  to  detect,  b3'  artificial  means,  the  motion  of  air 
currents  at  great  distances  above  the  earth.  Were  it  possible  to  place  any 
object  in  the  upper  part  of  the  atmosphere  to  drift  with  the  currents  then 
we  could  determine  by  observation  of  its  movements  the  direction  of 
motion,  velocity  etc.,  of  the  currents;  or  were  it  possible  for  clouds  to  form 
in  the  rarer  strata,  we  could  bj'  observing  them  determine  the  currents 
along  which  they  drift.  As  these  are  manifestU^  impossibilities  we  can  have 
recourse  to  but  one  agency  for  bettering  our  knowledge  of  the  upper  cur- 
rents, and  that  is,  to  take  advantage  of  the  opportunity  afforded  by  the 
luminous  train  left  by  the  occasional  meteor. 

The  meteor  strikes  our  atmosphere  with  a  great  velocity — fort3-  or  fifty 
miles  a  second.  Passing  our  hand  through  the  air  we  feel  but  little  or  no 
resistance,  and  certainh-  no  sensible  increase  of  heat,  but  when  that  motion 
is  increased  a  hundred  thousand  fold,  as  in  the  case  of  the  meteor,  the 
resistance  encountered  is  great  so  that  the  moving  body  is  at  once  con- 
verted into  an  incandescent  mass  of  light.  Thus  the  meteor,  hurrying 
swiftly  through  space,  suddenly  rushes  into  our  atmosphere  which  acts  like 
an  almost  impenetrable  shield,  checking  its  velocity-  which  is  quickh'  con- 
verted into  intense  heat,  man}'  times  greater  than  that  of  the  hottest  fur- 
nace. As  the  meteor  is  being  consumed,  it  leaves  a  train  of  luminous  gas  or 
smoke  which  can  but  float  along  with  the  current  of  air  in  the  same 
manner  that  the  smoke  from  our  chimneys  nioves  through  the  atmosphere 
and,  like  it,  indicating  the  direction  of  the  wind  or  air  currents.  By  fre-  , 
quent  observations  of  these  drifting  gas  trains  a  general  idea  could  be 
tormed  as  to  the  existence  and  direction  of  those  upper  currents.  So  far, 
m}'  observations  indicate  the  existence  of  an  easterly  current,  or  currents, 
of  possibly  long  duration.  All  the  trains  observed  were  drifting  easterly, 
either  directly  east,  or  north,  or  south-east;  some  in  a  direction  opposite 
to  the  meteors'  flight.  If  there  were  no  currents  where  the  meteor  passed, 
we  would  naturally  expect  the  train  from  inertia  to  move  slowly  in  the 
direction  the  meteor  went;  l)ut  it  is  seen  that  the  train  overcomes  that  and* 
assumes  a  motion  that  depends  undoubtedly  on  that  of  a  regular  current 
in  our  atmosphere. 

The  j)eculiarity  of  bending  and  twisting  in  meteor  trains  is  ])ro(luccd  1)}' 
denser  portions  of  the  gaseous  matter.  It  may  be  suggested  that  these  arc 
heavier  |)artic]es  sinking  more  rapidly  earth-ward,  though  these  ])articles 
will  doubtless  sink  tlms  towards  the  earth,  yet  tliey  are  seen,  sometimes, 
to  jnove  in  a  <lirection  dilVerent  to  tliat  we  would  expect  if  such  were  tlie 
case.  They  Hecm  to  be  more  at  the  will  of  the  air  currents,  along  wliicii  tiic 
train  drifts  and  are  followed  i)y  the  less  dense  portions  of  smoUe.  Tiicse 
arc  |)ossiblv  small  fragmen is  thrown  olT  from  tiie  meteor  l)y  minor  explo- 
«ion«.  Another  remarkable  thing  is  the  (luantily  of  luminous  gas  consti- 
tuting thcHc  traiuH;  in  nearly  every  case  it  has  exceeded  three  or  four  cubic 
miles.  ThiH  in  a  great  (pianity  of  gas  to  be  evolved  by  the  coml)ustion  of 
Hueh  an  iiiHignificant  thing  as  the  meteor  is.  It  is  singular  that  the  train 
hIiouIcI  remain  lutniiiouH  ho  long.  It  must  be  burning  to  be  seen ;  but  why 
hum  so  long,  a**  (iliecn  iiiitm(c«  ' 
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This  kind  of  observation  is  particularly  suited  to  amateurs.  The  regu- 
lar observer  with  a  dome  over  his  head  can  not  do  much  of  this  kind  of 
work.  But  any  one  with  a  telescope  properly  mounted,  with  a  knowledge 
of  the  diameter  of  the  field  of  his  eye-piece,  and  with  a  desire  to  do  some- 
thing, can  do  valuable  work  by  keeping  a  sharp  lookout  for  bright  me- 
teors, quickly  examining  their  paths  and  recording  what  he  sees.  This 
work  is  especially  adapted  to  comet  sweepcs.  as  they  are  generally  in  the 
open  air,  and  have  instrumentH  capable  of  quick  change  of  position. 

To  those  beginning  such  observations  it  may  Ije  well  to  say :  Note  the 
direction  of  flight  of  the  meteor;  turn  the  telescope  at  once  to  its  path, 
sweep  rapidly  back  and  forth  over  the  place  where  the  meteor  passed.  If 
there  is  a  train  left  you  will  likely  strike  it  the  first  sweep.  If  bright  and 
persistent,  sweep  the  full  length  of  it  examining  any  peculiarities;  then  let 
your  telescope  stand  at  rest  and  allow  the  train  to  pass  across  the  field, 
note  the  time  it  requires  to  pass  through  from  edge  to  edge  of  field,  taking 
into  account  the  motion  of  the  sk}',  note  the  direction  of  motion,  the  width 
of  the  train,  the  time  of  observation  within  a  few  minutes,  note  the  point  of 
observation  in  the  sky,  etc.  When  the  train  begins  to  bend  or  become  irreg- 
ular, which  it  is  sure  to  do  if  it  remains  visible  any  length  of  time,  see  if  the 
forward  positions  (in  the  direction  of  motion)  are  brighter  than  the  general 
train.  It  would  be  well  to  watch  the  stars  it  passes  over,  also  to  note  if 
there  is  any  change  in  steadiness  and  brightness  as  the  luminous  mass 
passes  over  them ;  write  out  your  observations  and  send  them  to  the 
Sidereal  Messenger  or  some  other  scientific  journal  where  they  will 
receive  proper  attention.  If  several  observers  some  distance  apart  could 
attend  to  this  kind  of  work  and  carefully  record  the  paths  of  the  meteors 
seen,  it  is  likelv  that  the  same  object  might  be  examined  by  two  or  more 
and  its  height  above  the  earth  could  be  determined,  and  therefore  the 
actual  velocity'  with  which  its  train  moves  and  the  quantity'  of  gaseous 
matter  it  contains.     [Reprint  from  Vol.  I  by  request. — Ed.] 

Nashville,  Tenn.,  Sept.  20,  1882. 


Astronomical  Society  of  the  Pacific. 


CHARLES    BURCKHALTER,  SECRETARY. 


Meeting  of  the  Astronomical  Society  of  the  Pacific  held  at  Lick  Obser- 
vatory Sept.  5th. 

The  Directors  Meeting  was  -lield  from  5:30  to  6  o'clock,  President 
Pierson  jjresiding.  The  minutes  of  last  meeting  were  approved,  and  twen- 
ty five  members  were  elected  as  follows : 

Robert  Stanton  Avery,  302  A  Street,  Washington,  D.  C;  R.  L.  Bis- 
choflfsheim,  3  Rue  Taitbout.  Paris,  France;  Dr.  Charles  M.  Blake,  1840 
Howard  Street,  S.  P.,  Cal.;  Mrs.  E.  E.  Cook,  220  Main  Street,  DcT.venport, 
Iowa;  Alfred  L.  Edwards,  12  W.  33d  Street,  New  York  Citv ;  T.  A. 
Hagerty,  537  Belden  Ave.,  Chicago,  111.;  John  P.  Hely,  C.  E.,  -ilS  Clare- 
mont  Ave,  Chicago  111.;  Kirk  Himrod,  150  Lincoln  Ave.,  Chicago,  111.; 
Williams  Hoskins,  Lagrange,  Cook  Co.,  111. ;  Mrs.  M.  M  Johnson,  Circle-, 
ville,  Piute  Co.,  Utah;  Professor  J.  H.  Kedzie,  Evanston,  111.;  Professor* 
Malcolm  McNeill,  Lake  Forest,  111. ;  Beverly  K.  Moore,  56  Bedford 
Street,  Boston,  Mass.;  Miss  Pendleton,  1522  Locust  Street,  Philadelphia, 
Pa.;  Mrs.  William  Gibbons  Preston,  The  Berkeley,  Boston,  Mass.;  Miss 
M.J.  Turner,  11  Faxon  Ave.,  Ouincv,  Mass.;  Professor  J.  M.  Tavlor,  State 
Pniversity,  Seattle,  Wash.;  J.^M.  Van  Slyke,  29  S.  Pinckney  "St.,  Madi- 
son, Wis.;  David  Hewes,  Miss  Anna  Lathrop  Hewes,  and  Frank  Mc- 
Mullen,  San  Francisco;  Frederick  H.  Whitworth  and  Professor  J.  M.  Tay- 
lor, Seattle  , Washington ;  Miss  Mary  E.  Wilson,  Oakland,  California; 
J.  Henry  Turner,  Woodville,  Virginia.  The  membership  of  the  Society  is 
now  4-20,  of  whom  fortv  four  are  life  members. 
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The  meeting  of  the  Societ\'  was  held  in  the  Librar\'  of  the  Observatory, 
President  Pierson  in  the  chair.  The  minutes  of  last  meeting  were  ap- 
proved. 

The  Secretar\-  read  a  list  of  thirtv-eight  presents  received  since  last 
meeting  and  the  thanks  of  the  Society  were  voted  to  the  donors. 

The  following  papers  were  presented  : 

a.  Measurement  of  Jupiter's  Satellites  by  interference  methods,  by 
Professor  Michelson,  of  Clark  University-,  Massachusetts. 

b.  Enlarged  Drawings  from  the  Moon-Negatives  of  the  Lick  Observa- 
tory-, by  Professor  Weinek,  Director  of  the  Observatory'  of  Prague. 

c.  Catalogue  of  the  Library  of  the  Societ}',  prepared  by  Otto  Yon 
Geldern. 

d.  Observations  of  Jupiter  and  of  his  Satellites  with  the  36-inch  Equa- 
torial of  the  Lick  Observatory  [1S88-1S90]. 

e.  The  Observatory  of  the  United  States  Military  Academy  at  West 
Point,  by  Lieut.  Harlow,  in  charge. 

Only  a  was  read  by  Professor  Campbell  and  the  meeting  adjourned. 

After  adjournment  the  members  were  admitted  to  the  domes  of  the 
twelve  and  thirty-six-inch  telescojjes  and  made  the  most  of  the  superb  see- 
ing until  a  late  hour. 


NEWS  AND  NOTES. 


Foreign  subscribers  will  please  draw  post  orders  or  notes  on  St.  Paul 
instead  of  Northfield,  in  paj'ment  of  subscriptions  to  the  MESSENGER,  as 
the  latter  place  has  no  foreign  monej-  order  post  office. 


The  Chicago  Evening  Journal,  September  8,  reports  an  interview  with 
Professor  Hough,  Director  of  the  Observator\'  of  the  Northwestern  Univer- 
sity at  Evanston,  concerning  the  4()-inch  lens  which  is  now  being  made  bj' 
Alvan  Clark,  Cambridge,  Mass.,  for  the  Observatory  to  be  located  ou  Wil- 
son's Peak,  California.  In  this  interview  Professor  Hough  is  reported  as 
saying  "  that  the  great  objective  will  cost  $00,000,  that  the  telescope,  in 
eluding  objective,  mounting  and  machinery,  will  probably  cost  $120,000. 
The  Observatory  and  dome  will  cost,  as  near  as  can  be  judged,  about 
$30,000. 

From  this  report  it  appears  that  plans  arc  being  made  to  have  this 
Ifreat  telcscoi)e  completed  in  time  to  cxhiliit  it  at  the  Columbian  Exposition 
in  Chicago  in  1893. 

New  Spectroscope  for  Allegheny  Observatory.  I^'rom  a  letter  under 
<latc  of  Sept.  21,  wc  learn  that  Professor  J.  E.  Kceler  has  been  provided 
with  funds  to  secure  a  new  siHJctroscope  of  the  most  efficient  kind,  to  carry 
on  his  sixcinl  studies.  Mrs.  Wm.  Thaw,  of  Pittsburgh,  is  the  generous 
«lonor  of  the  money  and  J.  A.  Brashcnr,  of  Alleghenj'  City,  will  make  the 

HJKJCtrOBCOIK. 

Wm.  F.  Rigge,  S.J.,  has  Ikch  appointed  successor  to  C.  M.  Charroppin 
in  the  department  of  Mathematics  and  Astronomy  in  the  St.  Louis  Univer- 
iilty.  Professor  Kiggc  will  soon  have  a  3V4-iiicIi  c(|uatorinl  tclescoi)e  and 
uudcrldkc  iistrononiical  work  in  the  Observatory  of  the  University. 
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The  Photocbronograph.  We  have  been  greatlj'  interested  in  a  paper 
recently  sent  us  by  J.  G.  Hagen,  S.  J.,  Director  of  Georgetown  College  Ol> 
serYator3',  entitled  The  Photochronograph  and  its  Applications.  A  con- 
siderable part  of  the  work  for  this  pajier  was  done  some  time  ago.  We  had 
not  seen  the  account  of  the  experiments  Jhat  was  published  in  the  Wood- 
stock College  Print,  Woodstock.  Md.  Vol.  18,  No.  3,  p.  402,  for  Octoben 
1889.  By  these  experiments  important  advancement  seems  to  l)e  made  in 
photographing  the  transit  of  a  star.  Professor  Hagen  has  prepared  a 
valuable  paper. 


The  Distribution  of  the  Moon's  Heat  and  its  Variation  with  the  Phase- 
is  the  title  of  a  prize  essay  prepared  by  Frank  W.  Very,  of  the  Allegheny 
Observatory.  The  essay  was  presented  to  the  Utrecht  Society  of  Arts  and 
Sciences,  in  response  to  the  proposition 

"On  demande  de  d(?terminer  la  chaleur  donn^e  par  la  Lune  dans  dcs 
phases  di verses." 

It  obtained  the  prize  of  the  General  Assembly  of  the  Society  held  at 
Utrecht  on  the  2d  of  July,  1890. 

A  full  abstract  of  this  pajier,  with  illustrations,  will  be  published  in  a 
future  number  of  The  Messenger,  for  it  is  certainly  an  essay  of  very  high 
merit. 


Transit  of  Jupiter's  III  Satellite.  I  beg  leave  to  report  the  following 
observations  of  the  transit  of  Jupiter's  third  satellite  and  its  shadow  last 
evening : 

At  7''  30'",  when  the  observations  began,  the  satellite  was  near  the  cen- 
tral line  of  the  planet  and  the  shadow  near  the  eastern  limb.  The  shadow 
appeared  jet  black,  round  and  larger  by  about  one  third  than  III,  which 
appeared  at  the  time  round  and  of  a  dark  chocolate  or  reddish  brown  hue. 
Both  shadow  and  satellite  were  very  distinct  and  sharply  defined  on  the 
disc  of  the  planet  and  the  "  seeing"  was  remarkabh'  good  and  steady. 

After  the  satellite  passed  the  central  line  of  the  planet  it  appeared  to 
grow  smaller  and  its  outlines  became  very  irregular  and,  when  about  half 
waj'  between  the  central  line  and  western  limb  of  the  planet,  it  was  very 
small  and,  in  shape,  nearly  a  half  moon,  but  very  irregular  in  outline.  This 
appearance  continued  until  the  satellite  reached  a  point  on  the  disc  about  3 
or  4  diameters  of  the  satellite  from  the  western  limb,  or  about  where  the 
belts  begin  to  shade  down  (so  to  speak),  when  it  gradually  became  a  bril- 
liant white,  well-defined,  much  larger  than  the  former  dusky  appearance 
and  perfectly  round.  It  so  remained  plainly  visible  on  the  planet  during 
the  rest  of  the  transit  and  came  off  the  limb  white  and  brilliant  against  the 
dark  sky.  At  egress,  the  limb  of  the  planet,  at  the  point  of  contact,  ap- 
peared to  flatten  down,  and  shrink  away  from  the  satellite  (an  optical  illu- 
sion, of  course)  the  limb  being  sharply  defined  and  the  whole  planet  ex- 
quisitely distinct. 

The  instrument  used  was  a  5  in.  refractor  (just  received  from  Messrs. 
Alvan  Clark  &  Sons)  with  powers  of  105  and  200.  E.  S.  Martin. 

Wilmington,  N.  C,  Sept.  18,  1891. 
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August  Meteors.  There  was  a  remarkablj'  fine  display  of  August  Me- 
teors here  last  night.  The  air  was  clear  and  still  and,  notwithstanding 
the  moonlight,  the  meteors  flashed  forth  in  great  numbers  and  brilliancy. 
From  S^  30'"  p.  M.  to  11''  30™  p.  M.  (when  I  retired)  there  was  an  almost 
constant  discharge  of  meteors,  jill  apparently  radiating  from  the  same 
point  or  region,  the  Constellation  Perseus,  and  the  numbers  increased  as 
that  Constellation  rose  higher. 

The  meteors  were  mostly  small — lasting  only  a  moment — though  some 
of  them  were  very  fine  and  left  behind  them  a  stream  of  light,  or  vapor,  like 
the  tail  of  a  comet,  which  lasted,  in  some  instances,  a  considerable  time 
after  the  meteor  had  disappeared. 

I  observed  a  remarkably  brilliant  and  handsome  meteor  at  Q**  30'" 
which  travelled  slowh',  from  a  point  between  N.  and  N.  E.,  across  the  mer- 
idian between  Polaris  and  Vega,  down  towards  the  S.  W.,  vanishing  about 
the  Constellation  Libra.  It  appeared  larger  and  brighter  than  Jupiter  now 
appears  to  the  naked  eye,  and  had  a  haze  or  coma  aroi:nd  it  like  the  nucleus 
of  a  comet  and  left  behind  it  a  stream  of  light,  or  vapor,  some  30°  in 
length,  which  slowly  faded  awaj'. 

The  number  of  meteors  may  be  safeh'  put  at  an  average  of  at  least  five 
per  minute  for  the  three  hours  that  I  observed,  though  at  times,  more  than 
that  number  were  visible  at  once  flashing  across  the  sk}'^  in  the  different 
directions,  but  all  radiating  from  one  source.  Thej-  seemed  to  come  in 
groups  or  shoals  and  not  in  a  a  continuous  stream. 

It  is  the  finest  meteoric  display  I  have  observed  since  that  of  the  No- 
vember meteors  in  1867.  E.  S.  Martin, 

Wilmington,  N.  C,  August  11,  1891. 


Spectroscopic  Astronomy.  Dr.  William  Huggins  has  kindly  favored  The 
Messenger  with  a  cop3'  of  his  address,  as  President,  recently'  given  before 
the  British  Association  for  the  Advancement  of  Science.  The  address  pre- 
sents a  full  and  very  com])lete  outline  of  the  history  of  the  s])ectroscope  in 
.\stronomy,  and  American  astronomers  will  read  it  with  great  interest.  It 
is  niiblislifd  by  the  .Association  and  the  London  daily  ijajiers. 


An  .Astronomer's  Work  in  a  Modern  Obscrvntorv  is  tlic  title  of  a  jjajtcr 
by  David  Gill,  Astronomer  at  the  Cape  of  Good  Hope,  read  before  the  meet- 
ing of  the  Royal  Institution  of  Great  Britain,  May  20,  1891.  The  autlujr 
says  that  the  work  of  Astronomical  Observatories  has  been  divided  into 
two  classes,  viz.:  Astrometry  and  Astroi)hysics.  The  first  of  these  rclntes 
to  astronomy  of  j)rccision,  that  is,  to  the  determination  of  the  position  of 
cclcstinl  objects;  the  second  relates  to  the  study  of  their  physical  features 
and  chemical  constitution.  Some  years  ago  these  two  classes  were  consid- 
ered aH  iHjrfcctly  distinct;  but  latterly  they  have  become  so  interlaced  that 
they  cannot  \k  divided  advantageously,  and  a  fully  ecpiippcd  modern  ()b- 
ncrvntory  will  include  the  work  of  Astrometry  and  Astr(>f)liysics. 

The  discussion  of  this  theme  is  a  very  i)rofit!ihlo  one,  extending  through 
fifteen  jirintcd  pages  of  the  size  of  this  one.  One  full-])age  plate,  a  fine  en- 
Kraving,  shows  the  s|)ectrum  of  Sirius  na  comp.-ircd  with  iron;  that  of  (r 
Aiirign-   'M-l  »li:.i  ..I  /y  Niiriga-. 
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The  exact  determination,  by  analytical  methods,  of  the 
size  and  disposition  of  the  parts  of  a  spectroscope  which 
shall  best  adapt  it  to  any  one  of  the  numerous  purposes  for 
which  this  instrument  is  used  in  astronomj^  is  not  generally 
possible,  since  practical  considerations,  not  Amenable  to 
mathematical  treatment,  materially  modify  the  results  of 
theory.  As  in  many  other  instruments,  the  adopted  form  is 
frequently  a  compromise  between  conflicting  requirements. 
Nevertheless,  sufficiently  broad  principles  may  be  stated, 
which  will  serve  as  guides  in  estimating  the  efficiencv  of  any 
form  of  spectroscope  for  its  intended  purpose.  The  effect  of 
the  practical  considerations  which  have  been  alluded  to  can 
best  be  studied  by  seeing  how  they  effect  the  several  require- 
ments deduced  from  purely  theoretical  considerations.  The 
object  of  the  present  article  is  to  state  the  principles  of  effi- 
ciency in  an  elementary  manner,  and  illustrate  their  applica- 
tion, for  the  benefit  of  students  who  are  beginning  work  in 
astronomical  spectroscopy.  It  may  seem  as  if  they  are  too 
obvious,  from  well-known  laws  of  optics,  to  require  expla- 
nation, but  examination  of  printed  descriptions  of  spectro- 
scopic observations  will  show  thjit  they  have  not  been 
entirely  understood,  or,  at  least,  not  always  borne  in  mind 
by  many  practiced  observers.*  Little  apology  seems  neces- 
sary, therefore,  for  setting  forth  these  principles  for  the  bene- 
fit of  beginners. 


*  See  Professor  Hastings'  review  of  the  spectroscopic  observations 
printed  in  Vol.  XLI,  Memoirs  of  the  R.  A.  S.,m  the  Report  of  the  Eclipse 
Expedition  to  Caroline  Island,  May,  18S3.  I  may  perhaps  be  also  allowed 
to  mstance  certain  criticisms  of  mj^  own  spectroscopic  work,  at  the  meeting 
of  the  IJoyal  Astronomical  Society  on  May  8,  1891,  as  reported  in  the  June 
Observatory. 
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In  considering  siich  matters  relating  to  instruments  as  are 
not  theoretically  determinate,  I  have  had  to  rely  largel\'  on 
individual  experience,  which  may  be  at  variance  with  that 
of  other  observers.  Statements  to  which  this  explanation 
applies  will  generally  be  easily  recognized. 

With  a  few  exceptions,  which  will  be  considered  later,  the 
spectroscope  for  astronomical  purposes  is  always  used  in 
connection  with  a  telescope.  The  simplest  possible  combi- 
nation is  a  prism  placed  in  front  of  the  object-glass  of  a  tele- 
scope. This  form  of  instrument  has  great  advantages  for 
certain  kinds  of  work,  as  everyone  who  is  familiar  with  the 
wonderful  results  obtained  at  Harvard  College  Observatory 
will  recognize,  but  it  is  limited  in  its  application,  and  it  is 
expensive,  since  the  prism,  if  no  light  is  lost,  must  be  large 
enough  to  cover  the  full  aperture  of  the  telescope  objective. 
Its  greatest  disadvantage  is  that  it  does  not  allow  the  use 
of  a  comparison  spectrum.  As  it  is  not  likely  that  the  stu- 
dent will  have  occasion  to  use  a  spectroscope  of  this  kind,  it 
^vill  not  be  considered  further  here. 

The  most  common,  and  most  generally  useful  form  of 
spectroscope  for  astronomical  purposes,  is  the  compound 
spectroscope,  consisting  essentialh'  of  slit,  collimating  lens, 
prism  or  other  dispersive  member,  and  observing  telescope. 
It  is  seen  in  its  simplest  construction  in  the  small  spectro- 
scopes used  in  chemical  laboratories  for  the  analysis  of 
minerals. 

The  functions  of  the  different  parts  of  the  compound  spec- 
troscope may  be  briefly  explained  as  follows  :  The  collima- 
ting lens  serves  to  form  a  virtual,  erect  image  of  the  slit  at 
an  infinite  distance,  and  this  image,  the  brightness  of  which 
determines  the  brightness  of  the  spectrum,  may  be  viewed 
directly  with  the  observing  telescope  in  the  same  way  as  a 
distant  object.  If  the  image  is  monochromatic  (that  is,  if 
the  slit  is  illuminated  with  monochromatic  light),  the  action 
of  a  prism  jjlaced,  in  the  position  of  minimum  deviation,  so 
as  to  intercept  the  rays  from  the  collimator,  is  simply  to  dis- 
place the  image  through  a  certain  angle,  without  changing 
in  any  way  its  magnitude,  shape,  or  (neglecting  loss  of  light 
by  reflection  and  absorption)  its  brightness.  If  the  image 
emits  light  of  different  but  determinate  wave-lengths,  each 
Hct  of  parallel  rnys  is  displaced  through  a  different  angle. 
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forming  a  series  of  monochromatic  images  of  the  slit,  or 
bright-line  spectrum.  As  long  as  these  images  are  separated 
in  the  field  of  the  observing  telescope,  the  brightness  of  the 
spectrum  will  depend  solel_v  on  the  brightness  of  the  primary 
image,  any  change  in  the  width  of  the  slit  making  a  corres- 
ponding change  in  the  width  of  the  lines  without  changing 
their  brightness.*  The  case  is  different  if  the  images  overlap 
so  as  to  form  a  continuous  spectrum.  The  brightness  is 
then  proportional  not  only  to  the  brightness  of  the  primary 
image,  but  also  to  the  width  of  the  slit.  The  purity  of  the 
spectrum,  or  exactness  with  which  the  rays  of  slightly  dif- 
ferent wave-length  are  separated,  also  depends,  down  to  a 
very  small  limit,  upon  the  width  of  the  slit,  to  which  it  is 
inversely  proportional.  To  get  a  bright  spectrum,  the  slit 
must  be  wide;  to  get  a  pure  spectrum  the  slit  must  be  nar- 
row. In  any  practical  case,  experiment  shows  what  com- 
promise is  most- advantageous. 

When  different  spectroscopes  are  compared,  the'  width  of 
the  slit  must  be  taken  to  be  its  width  in  angular  measure,  as 
seen  from  the  optical  center  of  the  collimating  lens. 

The  laws  which  govern  the  brightness  of  the  spectrum  as 
seen  in  the  observing  telescope  under  different  magnifj'ing 
powers  are  the  ordinary-  laws  of  the  brightness  of  telescopic 
images.  The  highest  power  P  which  will  give  the  maxi- 
mum brightness  is  obtained  by  dividing  the  aperture  of  the 
observing  telescope  by  the  aperture  of  the  pupil  of  the  eye. 
If  the  latter  is  taken  to  be  one-fifth  of  an  inch,  the  value  of  P 
will  be  five  times  the  aperture  of  the  observing  telescope  in 
inches.  In  practice  a  better  result  will  be  obtained  with  a 
power  of  seven  or  eight  for  each  inch  of  aperture.  For  any 
magnifying  power  p  greater  than  P  the  brightness  is  pro- 

P- 
portional  to— ^ . 
p^ 

When  the  compound  spectroscope,  the  principles  of  which 
have  been  briefly  considered  above,  is  used  in  connection 
with  an  equatorially  mounted  telescope,  two  dift'erent  tele- 
scopes form  parts  of  the  apparatus;  namely,  the  great 
telescope  of  the  equatorial  and  the  telescope  of  the  spectro- 


*  Provided  the  angular  width  of  the  slit  is  greater  than  the  angle  sub- 
tended by  one  wave-length  of  light  at  a  distance  equal  to  the  collimator 
aperture. 
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scope.  To  avoid  confusion  they  will  be  distinguished  by 
the  terms  telescope  and  observing  telescope,  respectively. 

The  spectroscope  is  mounted  in  such  a  way  that  the  axis 
of  the  collimator  is  coincident  with  the  axis  of  the  telescope, 
and  the  slit  is  brought  into  the  focal  plane  of  the  great 
objective.  An  image  of  any  distant  object  to  which  the 
telescope  is  pointed  is  therefore  formed  upon  the  slit-plate. 
Certain  limitations  are  then  imposed  upon  the  dimensions 
of  parts  of  the  spectroscope. 

The  first  condition  to  be  fulfilled  is  that  the  angular  aper- 
ture, or  ratio  of  linear  aperture  to  focal  length,  shall  have 
the  same  value  for  both  telescope  and  collimator;  other- 
wise, there  will  be  a  marginal  ring  on  one  lens  or  the  other 
which  will  never  be  used.  If  the  great  telescope  is  of  one 
foot  aperture  and  fifteen  feet  focal  length,  the  collimator,  if 
of  one  inch  aperture,  should  have  a  focal  length  of  fifteen 
inches.  For  reasons  which  will  appear  further  on,  it  will  be 
advantageous  to  have  the  aperture  of  the  collimator  lens  a 
little  greater  than  that  given  by  the  rule,  but  in  that  case 
we  must  distinguish  between  actual  aperture  and  effective 
aperture.  The  latter,  which  is  determined  by  the  rule,  is  the 
diameter  of  the  emergent  beam  from  the  collimator  when 
the  telescope  is  directed  to  a  star,  and  a  marginal  ring  on 
the  lens  receives  no  light  from  the  telescope  objective.  A 
cap  may  be  provided  to  cover  this  ring,  so  that  the  actual 
and  effective  apertures  can  be  made  the  same  if  desired.  In 
the  following  discussion  it  will  be  assumed  that  thej'  are 
the  same. 

If  no  light  is  to  be  lost,  the  prisms  and  observing  telescope 
must  be  capable  of  transmitting  the  cylindrical  beam  from 
the  collimator.  Greater  dimensions  than  those  necessary 
for  this  purpose  would  be  useless.  The  effective  aperture  of 
the  collimator  m.'iy  then  also  be  called  the  aperture  of  the 
spectroscope. 

The  lens  which  is  i)laccd  in  front  of  the  spectroscope  to 
form  an  image  of  tiic  source  of  light  on  the  slit-plate  (/.  t*.,  in 
the  case  we  are  considering,  the  telescope  objective),  is  ordin- 
arily called  the  "condensing  lens."  This  name  is  inapjiro- 
priatc,  as  it  fails  to  define  correctly  the  function  of  the  lens, 
and  Professor  Hastings*  has  proposerl  to  substitute  for  it 

*  Caroline  hlnnd  Report,  j).  lOH, 


spectroscopes  for  Astronomical  Purposes.  437 

the  term  "image  lens."  As  the  intritisic  brightness  of  the 
image  of  a  surface,  the  moon  for  example,  in  the  focal  plane 
of  an  image  lens  of  constant  linear  aperture,  is  inversely  pro- 
portional to  the  square  of  the  focal  length  of  the  lens,  it 
might  seem  at  first  sight  as  if  the  spectrum  of  the  surface, 
when  a  short-focus  lens  is  used,  ought  to  be  brighter  than 
with  a  long-focus  lens  of  the  same  aperture.  Nevertheless,  it 
is  easy  to  show  that  the  brightness  of  the  spectrum  is  inde- 
pendent of  the  angular  aperture  of  the  image  lens. 

To  do  this  let  A,  F,  S,  represent  respectively  the  aperture, 
focal  length,  and  area  of  the  image  lens,  a,  f,  s,  the  corres- 
ponding dimensions  of  the  collimating  lens.     Then  as  has 

A       a 
already  been  shown,-^=^—  . 

Let  the  source  of  light  be  a  small  uniformly  bright  surface, 
and  let  the  unit  of  light  be  that  quantity  which  falls  upon 
an  area  equal  to  that  of  the  collimating  lens.  Then  the 
quantit\^  of  light  which  falls  upon  the  image  lens  is 

S^_A'^_F2 

s  ~  a^~  t'^' 

All  this  light  falls  upon  the  collimating  lens,  and  is  there- 
fore found  in  the  virtual  image  formed  by  the  latter  at  an 
infinite  distance;  but  the  angular  magnitude  of  this  inlage  is 

—TT  times,  its  angular  surface  -^  times  that  of  the  object.* 

Hence  we  have-^  times  the  light  distributed  over  a  surface 

Y2  times  as  great,  and  therefore  the  brightness  of  the  image 

is  the  same  as  that  of  the  object. 

The  brightness  of  the  virtual  image  determines  the  bright- 
ness of  the  spectrum.  We  conclude,  therefore,  from  this  dis- 
cussion that  the  brightness  of  the  spectrum  of  the  distant 
object  is  independent  of  the  angular  aperture  of  the  image 
lens.  A  long-focus  telescope  is  as  advantageous  for  observ- 
ations of  the  spectra  of  the  sun,  moon  and  extended  nebulae 
as  a  short-focus  telescope.  The  efficiency,  so  far  as  bright- 
ness is  concerned,  is  determined  solely  by  the  effective  aper- 
ture of  the  spectroscope. 

*  It  will  easily  be  seen  that  this  is  true.    The  collimator  lens  may  be 

p 
regarded  as  the  eyepiece  of  a  telescope,  the  magnih'ing  power  of  which  is  —. 
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To  illustrate  this  result,  let  us  suppose  that  we  have  a 
spectroscope  of  one  inch  aperture,  with  collimator  twenty 
inches  long,  used  in  connection  with  a  telescope  of  one  foot 
aperture  and  twent\^  feet  focal  length.  The  diameter  of  the 
solar  image  on  the  slit  plate,  when  the  telescope  is  directed 
to  the  sun,  will  be  about  2.2  inches.  Let  us  suppose  that 
the  slit-width  is  adjusted  until  the  spectrum  is  of  satisfac- 
tor3'  purit\^  and  brightness. 

If  the  spectroscope  is  now  removed  and  placed  upon  a  tel- 
escope of  the  same  aperture  but  onW  half  the  focal  length, 
the  image  of  the  sun  on  the  slit-plate  will  be  only  1.1  inches 
in  diameter,  and  it  will  consequently  be  four  times  as  bright; 
but  only  one-fourth  of  the  rays  passing  through  the  slit  fall 
upon  the  collimator  lens.  The  spectrum  will  therefore  have 
the  same  brightness,  and  as  the  slit-width  has  been  un- 
changed, the  same  purity  as  before. 

If  the  collimator  is  now  shortened  one-half,  all  other  di- 
mensions being  as  before,  all  the  rays  passing  through  the 
slit  will  fall  upon  the  collimating  lens,  which  must  now  have 
a  focal  length  of  ten  inches;  but  the  slit  is  now  twice  too 
wide,  and  if  narrowed  until  the  original  purity  is  restored, 
the  spectrum  will  be  just  as  bright  as  before. 

If  instead  of  shortening  the  collimator  to  make  its  angular 
aperture  equal  to  that  of  the  second  telescope,  we  increase 
its  aperture  to  two  inches  (the  dimensions  of  the  other 
parts  of  the  spectroscope  being  correspondingh' increased), 
the  brightness  of  the  spectrum  will  be  increased  four  times, 
with  the  same  degree  of  purity  as  at  first. 

Another  interesting  conclusion,  which  is  a  well-known  fact 
in  optics,  may  be  drawn  from  the  preceding  discussion. 
Since  in  determining  the  brightness  of  the  virtual  image  F 
and  /  may  have  an}-  values,  and  since  the  virtual  image 
formed  by  one  set  of  lenses  may  become  the  object  for 
another  set,  it  follows  that  by  no  combination  of  lenses  can 
we  obtain  an  image  of  .'iii  object  wliicli  shall  be  brighter 
than  the  object  itself. 

If  an  image  of  the  sun  is  formed  by  a  convex  lens,  the  con 
ditions  of  temperature  and   brightness  at  any  point  with- 
in the  image  arc  (neglecting  loss  of  light  due  to  absorption 
nnd   reflection)  the  same   ns   if  the  ])oint   were  brought  to 
within  »ini-l)  ri    fli^i  .iii.c  (if  Mic  viiiti   lli.il    ils  disc  would  sub- 
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tend  the  same  angle  as  the  lens.  The  same  statement  holds 
good  for  any  other  extended  surface.  We  may  base  upon 
this  a  conventional  way  of  regarding  the  distant  source  of 
light  which  is  sometimes  useful  in  determining  the  bright- 
ness of  the  image  upon  the  slit-plate,  namely:  we  may  re- 
gard the  object-glass  as  replaced  by  the  luminous  surface 
itself,  stretched  across  the  open  end  of  the  telescope  tube;  or 
we  may  consider  the  luminous  surface  to  be  just  outside  the 
objective,  in  which  case  the  absorption  of  the  glass  is  taken 
into  account.  This  convention  leads  to  the  same  conclu- 
sions as  the  discussion  already  given.  It  can  be  applied  to 
a  consideration  of  the  brightness  of  the  spectrum  only  when 
the  image  is  sufficiently  large  to  fill  the  slit  of  the  spectro- 
scope. 

We  have  shown  that  for  certain  objects  a  small  telescope 
gives  as  bright  spectra  as  a  large  one;  indeed,  the  small  one 
has  the  advantage,  since  its  object-glass  is  thinner  and  ab- 
sorbs less  light.  The  beginner  might  then  naturall3''  ask  why 
a  large  telescope  is  desirable  for  spectroscopic  work.  The 
answer  is  that  for  such  objects  there  is  no  advantage  in  a 
large  telescope,  but  all  objects  which  we  have  to  examine 
are  not  extended  surfaces  like  the  sun  and  moon. 

The  case  which  is  furthest  removed  from  that  which  we 
have  hitherto  considered,  is  that  of  a  star.  The  image  lens 
may  then  properly  be  called  a  condensing  lens,  since  the 
brightness  of  the  spectrum,  as  well  as  that  of  the  image,  will 
depend  on  the  aperture  of  the  lens.  In  a  stellar  image  we 
cannot  discriminate  between  quantity  of  light  and  bright- 
ness. The  spectroscope  slit  is  in  all  cases  so  narrow  as  just 
to  include  the  image,  and  all  the  light  of  the  star  goes  into 
the  spectrum.  Hence  increasing  the  aperture  and  focal 
length  of  the  collimator  does  not  increase  the  brightness, 
although,  as  the  same  slit-width  then  subtends  a  smaller 
angle,  it  increases  the  purit\'  of  the  spectrum. 

The  other  extreme  in  the  character  of  the  source  of  light  is 
when  the  angular  magnitude  of  the  object  is  as  great  as  the 
angular  aperture  of  the  telescope.  Seen  from  the  slit,  such 
an  object  would  completely  fill  the  opening  occupied  by  the 
object-glass,  and  the  removal  of  the  object-glass  would  in- 
crease its  apparent  brightness.  The  brightness  of  the  sky 
spectrum,  for  instance,  is  greater  when  the  object-glass  of  a 
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telescope  is  removed.     It  is  obvious  that  for  such  objects 
better  results  can  be  obtained  without  a  telescope. 

A  practical  case  of  this  kind  occurs  in  astronomy.  For 
observing  the  spectrum  of  the  aurora,  or*  of  the  zodiacal 
light,  no  telescope  should  be  used.  The  aperture  of  the 
spectroscope  should  be  as  large  as  possible,  and  (from  con- 
siderations of  convenience  and  portabilit3'^)  the  collimator 
and  observing  telescope  should  be  short. 

The  same  construction  ma^^  be  extended  to  meet  the  case 
of  bodies  of  no  larger  angular  magnitude  than  the  sun  and 
moon.  If  tlie  angular  aperture  of  the  collimator  is  1/2°,  /.  e. 
if  the  focal  length  is  115  times  the  aperture,  the  solar  spec- 
trum obtained  with  a  given  spectroscope  when  the  collima- 
tor is  pointed  to  the  sun  is  the  brighest  possible.  The  tele- 
scope or  image  lens  is  here  dispensed  with.  Considerable 
advantage  may  sometimes  be  gained  b}^  applying  this  prin- 
ciple, particularly  in  laboratory  work  where  a  heliostat  is 
used,  and  where  the  use  of  a  long  collimator  is  attended 
with  no  inconvenience.  In  measures  of  Ihe  heating  effect  in 
different  parts  of  the  spectrum,  for  which  rock-salt  lenses 
and  prisms  are  used,  the  saving  of  an  additional  lens  is  a 
matter  of  some  importance. 

It  will  be  noted  that  a  spectroscope  of  this  construction 
is  necessarilj'  an  integrating  spectrosco])e,  and  it  cannot 
be  used  to  study  the  spectrum  of  any  particular  part  of  the 
luminous  source.  An  attempt  to  apply  the  same  principle  to 
the  other  heavenly  bodies  presenting  sensible  discs  would  be 
rendered  futile  by  the  excessive  length  of  collimator  required. 

We  have  still  to  consider  the  case  of  bodies  of  small  angu- 
lar magnitude,  like  the  planets. 

In  this  case  the  image  of  the  object  does  not  cover  the  en- 
tire length  of  the  slit.  To  form  a  clear  idea  of  the  conditions 
of  efficiency  which  depend  upon  the  size  of  the  telesco])e,  let 
us  suppose  that  we  have  a  spectroscope  attached  to  a  tele- 
scope of  considerable  size,  and  have  adjusted  the  slit  so  as  to 
obtain  a  satisfactory  degree  of  brightness  and  purity  in  the 
spectrum. 

If  we  now  imagine  the  telesc()i)e  to  become  sinalk-r,  i)re- 
scrving  tlie  same  angular  aperture,  the  brightness  and  pu- 
rity of  the  spectrum  will  remain  unchanged,  but  the  width. 
of  the  spectrum,  which  is  determined  by  the  diameter  of  tlie 
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image  on  the  slit,  will  diminish.  Now  the  visibility  of  an 
object  depends  upon  its  size,  as  well  as  upon  its  brightness, 
and  a  long  line  is  easier  to  see  than  a  short  one,  when  the 
length  of  either  is  inconsiderable.  The  breadth  of  the  small- 
er image  can  be  increased  by  means  of  a  cylindrical  lens,  but 
only  by  a  proportional  sacrifice  of  brightness.  Hence  we 
conclude  that  for  spectroscopic  observations  of  small  bodies, 
such  as  the  planets  and  their  satellites,  the  head  of  a  comet, 
and  small  planetary  nebulae,  a  large  telescope  is  desirable. 

We  come  now  to  the  consideration  of  more  complex 
sources  of  light.  One  of  the  most  interesting  cases  is  that 
of  the  solar  prominences,  in  which  we  have  luminous  bodies 
emitting  light  of  definite  wave-lengths,  ordinarily  invisible 
on  account  of  the  glare  from  the  brilliant  white  light  of  the 
sky.  The  most  obvious  method  for  making  the  prominences 
visible  in  the  spectroscope  is  to  weaken  the  continuous  sky 
spectrum  by  employing  a  high  dispersion.  If  the  object  were 
simply  to  see  the  bright  lines  of  a  prominence,  the  same  end 
might  theoretically  be  attained  by  using  a  narrow  slit,  for 
narrowing  the  slit  diminishes  the  brightness  of  the  continu- 
ous spectrum  without  altering  that  of  the  bright  lines.  The 
slit  might  then,  however,  be  so  narrow  that  the  bright  lines 
would  be  invisible  on  account  of  insufficient  breadth.  By 
using  a  spectroscope  of  greater  aperture  and  a  higher  mag- 
nifying power  the  slit  would  not  have  to  be  so  narrow,  and 
the  lines  might  be  seen,  but  it  is  evident  that  the  size  of  the 
spectroscope  to  fulfil  these  conditions,  when  the  bright  lines 
are  relatively  faint,  might  transcend  all  practicable  limits. 
Moreover,  we  desire  to  see  the  whole  prominence,  and  hence 
must  use  a  wide  slit.  The  only  available  method,  then,  is  to 
use  a  very  high  dispersion. 

On  account  of  the  smaller  image  of  the  prominence  when  a 
short  telescope  is  employed,  and  consequently  smaller  slit- 
width  required,  a  telescope  of  moderate  dimensions  is  more 
suitable  for  observing  prominences  than  a  large  one. 

Another  case  of  extreme  interest  is  that  of  the  corona. 
The  conditions  of  efficiency  for  an  instrument  to  be  used  in 
observations  of  the  corona  during  a  total  eclipse  have  been 
determined  by  Professor  Hastings,*  who  has  shown  that  for 
such  observations  a  spectroscope  with  large  aperture  is  re- 
quired. 

•  Caroline  Island  Report,  p.  110. 
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The  necessit}^  of  a  large  aperture  will  appear  from  the  fol- 
lowing considerations.  The  spectroscope  must  be  capable 
of  showing  dark  lines  in  a  continuous  spectrum,  as  well  as  . 
bright  lines  on  the  same  background.  We  have  just  seen 
that  sufficient  contrast  between  the  light  of  the  bright  lines 
and  that  of  the  continuous  spectrum  can  be  obtained  by  us- 
ing a  high  dispersion  with  wide  slit,  or  by  using  a  spectro- 
scope of  large  aperture  (and  correspondingly  high  magnify- 
ing power)  and  a  narrow  slit.  Now  dark  lines  cannot  be 
seen  with  a  wide  slit,  i.  e.,  a  slit  whose  angular  width  e:v- 
ceeds  a  few  minutes  of  arc;  hence  to  show  dark  lines  as  well 
as  bright  lines  in  a  continuous  spectrum  we  must  use  the 
second  of  the  two  methods  just  mentioned.  From  a  review 
of  numerous  reports  of  observations  of  total  eclipses,  Pro- 
fessor Hastings  concluded  that  an  aperture  of  less  than  half 
an  inch  was  ill  suited  for  observations  of  the  corona,  while 
anything  over  three-quarters  of  an  inch,  if  properly  designed 
in  other  respects,  would  make  an  effective  instrument. 

I  have  found  the  bright  lines  in  the  spectra  of  some  stars 
to  become  invisible  if  more  than  a  very  moderate  dispersion 
is  used,  probably  because  they  are  really  somewhat  diffuse 
bands,  which  widen  with  increase  of  dispersion. 

The  conclusions  whicli  we  have  so  far  reached,  relating  to 
the  efficiency  of  the  telespectroscope,  may  now  be  summed 
u]),  as  below.  It  should  be  noted  that  they  are  based  upon 
the  principles  of  common  geometrical  optics,  it  being 
assumed  that  they  are  not  carried  to  the  limit  at  which  a 
consideration  of  the  finite  length  of  a  light  wave  is  neces- 
sary. 

.1.  1.  In  all  cases  the  collimator  should  haye  the  same  an- 
gular aperture  as  the  telescope. 

B.  When  the  object  observed  is  a  luminous  surface  of  con- 
siderable angular  magnitude,  such  as  tlic  sun,  moon  or  a 
large  nebula : 

2.  The  brightness  of  the  spectrum  is  in(lci)endent  of  the 
angular  aperture  of  the  telescope. 

.'i.  The  brightness  is  independent  of  the  linear  aperture  of 
the  telescope.  , 

4.  The  efficiency  of  the  spectrosco]K'  as  regards  brightness 
i»  determined  by  its  aperture,  /.  c,  by  the  elTective  a])erture 
of  tJK-  folliinalor,  the  other  parts  of  the  instrument  being  of 
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such  dimensions  as  to  transmit  a  beam  of  the  same  diame- 
ter, 

C.  When  the  object  is  of  very  large  angular  magnitude, 
as  the  sky  illuminated  by  sunlight,  the  aurora,  or  the  zodiac- 
al light: 

5.  The  spectra  of  objects  whose  angular  magnitude  is 
greater  than  the  angular  aperture  of  the  telescope  are  besc 
observed  without  a  telescope. 

6.  The  efficiency  of  a  spectroscope  for  such  objects,  so  far 
as  brightness  is  concerned,  depends  upon  the  aperture  of  the 
spectroscope. 

7.  The  same  method  may  be  extended  to  the  sun  and 
moon  by  using  a  sufficiently  long  collimator. 

D.  When  the  object  is  a  star: 

8.  The  brightness  of  a  star  spectrum  is  proportional  to 
the  area  of  the  telescope  objective,  and  independent  of  the 
ajjerture  of  the  spectroscope. 

9.  The  purity  of  the  spectrum  is  proportional  to  the 
length  of  the  collimator. 

E.  When  the  object  is  a  body  of  but  small  angular  mag- 
nitude, such  as  a  planet,  head  of  a  comet,  satellite,  small 
nebula,  sun-spot,  etc.: 

10.  For  spectroscopic  observations  of  such  small  objects  a 
large  telescope  is  desirable, 

F.  The  case  of  the  solar  prominences  seen  in  full  daylight : 

11.  A  spectroscope  of  high  dispersive  power  should  be 
used  for  observing  the  solar  prominences. 

12.  A  telescope  of  moderate  dimensions  is  more  suitable 
than  a  very  large  one. 

G.  The  case  of  the  corona  during  a  total  solar  eclipse : 

13.  A  spectroscope  of  large  aperture  with  an  observing 
telescope  of  correspondingly  high  magnifying  power  is  most 
efficient  for  seeing  both  bright  lines  and  dark  lines  in  the 
continuous  spectrum  of  the  corona. 

As  remarked  at  the  beginning  of  this  article,  the  principles 
just  summarized  cannot  be  applied  with  mathematical  ex- 
actness. The  conditions  of  efficiency  are  different,  for  in- 
stance, for  large  and  for  small  surfaces;  but  the  dividing 
line  between  large  and  small  surfaces  cannot  be  sharply 
drawn.  In  this  respect  the  rules  which  have  been  given  do 
not  differ  from  many  others  occurring  in  physical  science. 
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which,  notwithstanding  their  limitations,  are  correct  and 
useful  in  their  broad  application. 

We  may  now  consider  the  practical  bearing  of  these  prin- 
ciples on  the  construction  of  spectroscopes.  The  size  of  the 
telescope  may  be  left  out  of  the  question,  as  this  is  usually 
fixed  by  other  considerations,  independent  of  the  use  of  the 
spectroscope.  An  aperture  of  less  than  ten  inches,  however, 
will  hardly  be  sufficient  for  studying  the  spectra  of  stars. 

On  referring  to  the  principles  which  have  been  established 
it  will  be  seen  that  a  large  aperture  is  one  of  the  conditions 
of  efficiencj'  for  nearly  every  kind  of  spectroscope.  The  same 
condition  will  also  in  a  great- measure  determine  the  size  and 
weight,  and  hence  also  the  cost  of  the  instrument.  As  the 
prisms  must  be  of  such  size  as  to  transmit  the  emergent 
beam  from  the  collimator,  and  as  their  weight  varies  as  the 
cube  of  their  linear  dimensions,  the  aperture  cannot  be  made 
very  great  without  making  the  instrument  immanageable; 
it  is  therefore  necessarj^  to  use  a  moderate  aperture,  and  a 
number  of  small  prisms  instead  of  one  large  one,  notwith- 
standing the  theoretical  advantage  of  the  latter.  An  aper- 
ture of  one  inch,  which  with  a  telescope  of  ordinary  con- 
struction will  imply  a  focal  length  for  the  collimator  of  about 
fifteen  inches,  rnay  be  taken  as  suitable  for  a  twelve-inch 
telescope.  For  larger  telescopes  the  aperture  of  the  spectro- 
scope may  be  increased,  but  for  even  the  largest  it  is  like- 
ly that  a  spectroscope  of  much  over  two  inches  aperture 
would,  if  sufficiently  rigid,  prove  to  be  too  heavy  a  burden. 
The  case  of  grating  spectroscopes  is  somewhat  different, 
increase  in  the  size  of  the  grating  not  being  attended  with 
increased  weight  and  absorption  of  light,  while  the  efliciency 
of  the  instrument  becomes  much  greater. 

Kxperience  seems  to  show  that  the  most  effective  form  of 
prism  for  star  spectroscopes  is  the  compound,  or  Rutherford 
prism,  made  up  of  a  heavy  flint  glass  prism  with  a  large 
refracting  angle  (usually  90°),  and  two  crown  glass  prisms 
cemented  one  on  each  face  of  the  flint  glass  with  Canada 
balsam.  Without  the  two  small  prisms  light  could  not  be 
made  to  pass  through  the  large  one. 

The  investigations  of  Lord  Kayleigh  throw  some  doubt 
on  the  generally  accepted  superiority  of  the  compound 
])rism.      The  greater   refracting  angle  and   length   of  1)ase 
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which  may  be  given  to  the  flint  glass  seem  to  be  a  hardly 
sufficient  compensation  for  the  negative  efiect  of  the  crown 
glass.  One  definite  advantage  that  may  be  stated  is  that 
very  heavy  flint  glass,  which  is  subject  to  oxidation  on 
exposure  to  the  air,  may  be  used  in  the  construction  of  the 
compound  prism,  as  the  perishable  flint  glass  is  protected  by 
the  hard  crown.  For  photographic  purposes  such  very 
dense  flint  is  highly  objectionable,  as  it  has  a  strong  yellow 
tinge. 

A  compound  prism  used  on  the  large  star  spectroscope 
of  the  Lick  Observatory  has  a  dispersive  power  more  than 
three  times  as  great  as  that  of  a  single  60°  prism  of  white 
flint  glass. 

Two  compound  prisms  arc  used  in  the  Potsdam  spectro- 
graph for  determining  the  motions  of  stars  in  the  line  of 
sight.  It  is  not  likely  that  a  greater  number  could  be  used 
advantageously  in  eye  observations. 

The  half-prism  which  is  sometimes  used  for  astronomical 
purposes,  has  a  number  of  disadvantages  as  compared  with 
the  form  just  described.  The  purity  of  the  spectrum  is  not 
so  great  as  with  other  prisms  giving  the  same  dispersion; 
the  emergent  beam  is  laterally  displaced,  and  if,  as  usually 
is  the  case,  the  observing  telescope  is  in  line  with  the  colli- 
mator, the  spectrum  is  formed  by  eccentric  pencils,  increas- 
ing the  difficulty  of  avoiding  errors  of  parallax  and  other 
small  displacements;  when  several  prisms  are  used,  the 
emergent  beam  becomes  very  narrow,  and  only  a  corres- 
pondingly small  part  of  the  objective  of  the  observing  tele- 
scope is  used,  greatly  to  the  detriment  of  good  definition. 
The  direct  view  is  also  a  disadvantage  in  observing  objects 
near  the  zenith,  which  are  otherwise  most  favorably  situ- 
ated. On  these  grounds,  and  perhaps  some  others,  pre- 
ference should  be  given  to  the  Rutherfurd  prism. 

For  faint  objects  giving  a  continuous  spectrum  a  high  dis- 
persion cannot  be  used,  and  the  spectroscope  should  there- 
fore be  arranged  to  carry  a  single  60°  prism. 

When  only  a  single  prism,  either  simple  or  compound,  or  a 
grating  is  used,  the  observing  telescope  can  be  made  to 
point  to  a  center  of  motion  which  is  in  the  prolongation  of 
the  collimator  axis  and  in  the  axis  of  the  deviated  ray. 
With  more  than  qpe  compound  prism  the  beam  of  light  is 
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displaced  laterally  so  far  that  either  the  center  or  the  posi- 
tion of  the  observing  telescope  must  be  changed.  Thus  if  a 
great  range  of  dispersive  power  is  required,  the  construction 
of  the  instrument  is  considerably  complicated,  but  in  a  first 
class  instrument  designed  for  various  kinds  of  work  such  an 
arrangement  is  necessar\'.  When  the  train  of  four  compound 
prisms  is  used  on  Professor  Young's  new  spectroscope,  the 
observing  telescope  is  held  by  a  pair  of  brackets,  the  neces- 
sary rigidit3-  being  secured  by  a  brace  extending  to  the  up- 
per end  of  the  collimator. 

For  solar  \vork  a  diffraction  grating  will  generally  be 
used,  the  loss  of  light  as  compared  with  a  prism  train  being 
in  this  case  of  no  importance.  I  have  recently  shown  *  that 
a  grating  can  also  be  used  to  great  advantage  in  observa- 
tions of  nebulae  giving  a  bright  line  spectrum.  For  observa- 
tion of  stars  with  a  grating  a  very  large  telescope  aperture 
is  necessary.  But  for  the  remarkable  brilliancy  of  the  gra- 
tings w^hich  in  the  last  few  years  have  been  ruled  b\^  Row- 
land on  surfaces  prepared  by  Brashear,  such  observations 
would  be  quite  impossible. 

The  objectives  of  the  collimator  and  observing  telescope 
should  preferably  be  made  of  Jena  glass,  as  such  objectives 
when  properly  corrected  have  so  little  chromatic  aberration 
that  all  parts  of  the  spectrum  except  the  extreme  ends  have 
practically  the  same  focus.  No  adjustment  of  the  observing 
telescope  is  required  in  passing  from  one  part  of  the  spec- 
trum to  another,  an  advantage  which  adds  greatly  to  the 
convenience  as  well  as  to  the  accuracy  of  the  observations- 
To  diminish  the  loss  of  light  by  reflection,  the  object-glasses 
if  small,  (as  they  always  are  in  a  star  si)cctroscoi)c)  may  be 
cemented  with  Canada  balsam. 

It  is  usual  to  make  the  collimator  and  the  observing  tele- 
scope of  the  same  focal  length.  If,  however,  the  collimator 
is  unusually  long,  say  twenty  inches  or  more,  the  most  effec- 
tive eyepiece  for  a^n  e(|ually  long  observing  telescope  must 
have  an  equivalent  focal  length  of  several  inches,  and  this, 
according  to  my  experience,  is  undesirable,  if  precise  meas- 
urements arc  rc(|uired,  on  account  of  the  effect  of  changes  in 
the  accojntnod.'ition  of  the  eye.     I   tlicrcforc  ])rt'f<.  r  a  sliot  tor 

•  I'uhUcalions  ol  the  Aatronotniciil  Society  of  the  I'ucihc,  No.  11. 
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observing  telescope  and  deeper  eye-pieces  to  obtain  the  same 
magnifying  power.  Ten  or  twelve  inches  is  a  convenient 
focal  length.  These  remarks  obviously  apply  only  to  visual 
observat^ions,  and  they  do  not  apply  to  solar  spectroscopes, 
on  which  much  higher  magnifying  powers  are  used  than 
that  which  gives  the  maximum  brightness. 

The  eyepieces  of  the  observing  telescope  should  be  achro- 
matic, in  order  to  have  the  micrometer  wires  as  nearly  as 
possible  in  focus  for  all  parts  of  the  spectrum.  It  is  impos- 
sible to  fulfil  this  condition  exactly,  at  least  without  a  spec- 
ially constructed  eyepiece,  as  the  eye  itself  is  not  perfectly 
achromatic. 

On  account  of  the  imperfect  achromatism  of  the  nominally 
achromatic  telescope,  the  collimator  must  have  a  sliding 
motion  in  the  direction  of  its  length,  in  order  to  bring  the 
slit  into  the  focal  plane  of  the  rays  which  form  the  part  of 
the  spectrum  under  examination.  About  one  inch  is  a 
proper  allowance  for  a  twelve-inch  telescope  of  the  ordinary 
construction,  and  for  telescopes  of  different  sizes  the  amount 
of  motion  required  will  be  in  proportion  to  the  focal  length. 
The  position  of  the  collimator  in  its  slide  is  shown  by  a 
graduated  scale.  If  the  spectroscope  is  quite  small  it  may 
be  attached  to  the  draw-tube  of  the  telescope,  and  the  whole 
instrument  moved  in  or  out  to  bring  the  slit  into  the  re- 
quired position. 

The  slit  is  an  important  part  of  the  spectroscope,  and  it 
deserves  careful  attention.  Very  good  mechanical  work  is 
required  in  its  construction.  It  is  convenient  to  have  both 
jaws  move  equally  in  opposite  directions  on  turning  the  slit 
screw,  the  center  of  the  slit  thus  remaining  always  in  the 
same  place.  This  construction  is  condemned  by  Dr.  Scheiner 
in  his  text  book  on  celestial  spectroscopy  as  only  fit  for 
small  instruments  not  intended  for  accurate  measurements. 
All  the  devices  which  he  describes  are  certainly  open  to  ob- 
jection, but  the  double-motion  slit  with  jaws  actuated  by  a 
right  and  left-handed  screw,  as  made  bj'  Brashear  and  other 
American  instrument  makers,  is  practically  free  from  error. 
Caution  must  be  observed  not  to  rely  too  implicitly  on  the 
principle  of  the  double-motion  slit,  as  it  is  only  in  certain 
positions  of  the  prism  or  grating  that  a  spectral  line  widens 
symmetrically  when  the  slit  is  opened. 
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The  arrangement  of  a  diagonal  eye-piece  for  viewing  the 
slit  from  behind,  first  described  (so  far  as  I  know)  by  Dr. 
Carl  Braun  in  one  of  the  volumes  of  the  Haynald  Observa- 
torj'  publications,  is  a  very  useful,  and  when  a  large  tele- 
scope is  emplo3'ed,  indispensable  addition.  With  this  eye- 
piece a  good  view  of  the  object  to  which  the  telescope  is 
directed  can  be  obtained  on  widening  the  slit,  and  on  nar- 
rowing the  slit  the  observer  can  assure  himself  that  the 
exact  part  of  the  image  which  he  wishes  to  examine  spectro- 
scopically  is  within  its  jaws.  The  eyepiece  should  move 
between  stops,  so  that  when  fully  in  the  slit  may  be  in  the 
center  of  the  field,  and  when  w^ithdrawn  the  rays  from  the 
slit  may  pass  without  obstruction.  An  equivalent  focal 
length  of  about  one  inch  will  give  a  convenient  magnifying 
power. 

The  positions  of  unknown  lines  in  the  spectrun  of  a  hea- 
venly body  are  determined  by  comparing  them  with  knowh 
lines,  usually  furnished  by  a  terrestrial  source,  such  as  an 
electric  spark  passing  between  metallic  points,  a  spectrum 
tube  or  a  flame.  In  order  to  make  the  comparisons  reliable 
there  must  be  no  displacement  of  any  kind  in  the  compari- 
son spectrum  ;  that  is,  a  line  in  the  spectrum  of  light  coming 
through  the  telescope  must  fall  at  precisely  the  same  place 
as  the  same  line  in  the  spectrum  of  light  which  is  reflected 
into  the  slit  from  the  artificial  source.  It  seems  to  me  that 
this  coincidence  is  best  assured,  apart  from  good  workman- 
ship in  the  instrument,  by  making  the  light  from  both 
sources  traverse  the  instrument  under  identically  the  same 
conditions.  In  some  of  the  earlier  spectroscopes  light  from 
the  electric  spark  was  reflected  from  a  ])lane  mirror  to  a 
totally  reflecting  prism  directly  over  the  slit  and  thence  into 
the  collimator;  but  this  is  a  bad  arrangement,  since  the 
spark,  being  of  very  small  dimensions  and  at  some  distance 
from  the  slit,  sends  light  to  but  a  small  portion  of  the  colli- 
mator lens,  while  the  full  ajierturc  of  the  collimator  is  filled 
with  light  from  a  heavenly  l)ody.  An  imngc  of  the  spark 
should  be  formed  on  the  slit  by  a  lens  having  a  greater 
angular  aperture  than  the  collimator,  so  that  the  light  from 
the  spark,  after  being  reflected  tiirough  the  slit  in  the  direc- 
tion of  the  collimator  axis,  will  completely  fill  the  aperture 
of  the  collimator.     If  the  actual  aperture  of  the  collimator 


spectroscopes  for  Astronomical  Purposes.  449 

is  greater  than  the  effective  aperture,  it  should  be  reduced  by 
a  stop  until  equal  to  the  effective  aperture,  as  recommended 
in  the  first  part  of  this  article.  If  very  accurate  compari- 
sons are  necessar3',  as  in  measures  of  the  motions  of  stars 
in  the  line  of  sight,  all  the  optical  parts  of  the  instrument 
must  be  perfect,  and  all  the  adjustments  must  be  made  with 
the  greatest  care.  The  latter  condition,  it  is,  of  course,  the 
business  of  the  observer  to  fulfil.  In  a  paper  on  the  mo- 
tions of  the  planetary  nebulas  in  the  line  of  sight,  I  have 
described  briefly  the  arrangement  of  the  slit  and  comparison 
apparatus  of  the  large  spectroscope  of  the  Lick  Observatory, 
which  leaves  little  to  be  desired  in  the  way  of  convenience 
and  accuracy. 

In  spectroscopes  for  observing  solar  prominences  the  slit 
plate  is  frequently  movable  in  a  direction  at  right  angles  to 
the  slit,  as  the  adjustment  of.the  slit  on  the  limb  of  the  solar 
image  is  a  delicate  one,  not  easily  made  with  the  slow  mo- 
tions of  the  equatorial.  This  construction  is  not  to  be 
recommended  for  other  purposes. 

When  the  spectrum  of  a  star  is  obseryed,  a  cylindrical  lens 
is  placed  in  front  of  the  slit  to  give  the  spectrum  sufficient 
breadth.  The  way  in  which  a  cylindrical  lens  is  used  will 
appear  from  the  following  considerations : 

When  a  convex  cylindrical  lens  is  placed  in  the  cone  of  rays 
from  the  object  glass  two  real,  linear  images  are  formed  by 
the  combined  action  of  the  two  lenses.  The  one  nearer  to 
the  cylindrical  lens  is  called  the  principal  focal  line.  Its  axis 
is  parallel  to  the  axis  of  the  cylindrical  surface  of  the  lens, 
and  its  length  is  equal  to  the  diameter  which  the  cone  of 
rays  will  have  at  that  point  if  the  cylindrical  lens  were 
removed.  Its  distance  from  the  focal  plane  of  the  telescope 
and  from  the  cylindrical  lens  depends  upon  the  focal  length 
of  the  latter. 

The  linear  image  farther  from  the  cylindrical  lens  is  called 
the  secondary  focal  line.  Its  axis  is  perpendicular  to  the 
axis  of  the  cylindrical  lens,  and  its  length  depends  upon  the 
focal  length  and  position  of  the  cylindrical  lens.  The  sec- 
ondary focal  line  is  always  in  the  focal  plane  of  the  objec- 
tive, and  it  is  therefore  the  more  convenient  one  to  use.  It 
must  be  made  to  fall  precisely  within  the  jaws  of  the  slit, 
and  in  making  this  adjustment  the  diagonal  eyepiece  al- 
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read\'  described  is  almost  indispensable.    The  breadth  of  the 
spectrum,  which  is  evidentW  equal  to  the  length  of  the  line 
can  be  varied  by  simply  changing  the  distance  between  the 
lens  and  the  slit. 

The  focal  length  of  the  c\'lindrical  lens  is  not  entirely  an 
indifferent  matter.  If  the  rays  passing  through  the  slit  are 
widely  divergent,  thej  will  fall  outside  the  limits  of  the  col- 
limator lens,  and  some  light  will  be  lost.  Hence  the  cylin- 
drical lens  should  have  a  considerable  focal  length,  say  ten 
or  twelve  inches.  The  emergent  beam  from  the  collimator 
will  then  be  elliptical  in  section,  with  the  longer  axis  par- 
allel to  the  slit,  and  a  stop  may  be  cut  so  as  to  just  allow 
the  passage  of  the  beam,  and  placed  over  the  collimatoi"  lens 
when  the  comparison  apparatus  is  used.  It  should  be  noted 
that  the  minor  axis  of  the  emergent  beam  is  equal  to  the 
effective  aperture  of  the  collimator ;  hence  unless  the  actual 
aperture  is  somewhat  greater,  some  light  will  be  lost.*  The 
advantage  of  a  collimator  aperture  somewhat  in  excess  of 
the  requirements  of  the  rule  given  in  the  summary  under  A^ 
has  already  been  mentioned.  As  prisms  are  almost  invaria- 
bh'  higher  than  necessary  to  transmit  a  cylindrical  beam,  no 
change  in  their  dimensions  need  follow  the  enlargement  of 
the  objectives  of  the  collimator  and  observing  telescopes. 

For  measuring  the  positions  of  lines  in  the  spectrum  a 
great  many  devices  are  used,  such  as  a  graduated  circle  read 
by  microscopes  or  verniers,  and  a  micrometer  slow-motion 
screw  for  moving  the  observing  telescope.  The  illuminated 
scale  reflected  from  the  first  surface  of  the  prism,  commonly 
used  on  small  spectroscopes  for  analyses  of  minerals,  is  one 
of  the  roughest  devices  for  recording  the  position  of  lines. 
It  is  not  necessary  that  the  positions  should  be  read  in 
terms  of  any  determinate  unit.  It  is  not  necessary,  for  in- 
stance, to  eliminate  eccentricity  from  the  readings  of  a  grad- 
uated circle  by  reading  opposite  verniers,  (wvXqss  deviations 
are  re(|uircd  for  other  purposes),  since  the  correction  for  ec- 
centricity is  itself  a  continuous  function  of  the  circle  reading. 
I  have  no  doubt  that  if  an  instrument  of  given  weight  and 
cost  is  to  be  designed  so  as  to  give  the  greatest  accuracy  of 


•  The  Hatnc  icinnrks  nj)i)ly  to  the  case  wlion  a  considerable  leii;,'tli  of 
•lit  in  uncd,  un  in  observing  any  extended  surface,  the  cyiinth-ical  lens  being 
iiiiil)cnied  with. 
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measurement,  the  end  will  best  be  reached  by  relying  entirely 
upon  the  use  of  the  comparison  apparatus  and  eyepiece  mi- 
-crometer,  and  using  a  graduated  circle,  if  at  all,  onh-  as  a 
finder.  The  cost  and  weight  of  all  other  attachments  can 
then  go  into  the  important  parts  which  determine  the  effici- 
ency of  the  instrument. 

No  reference  has  yet  been  made  to  the  resolving  power  of 
a  spectroscope,  or  its  power  of  separating  close  lines  in  the 
spectrum.  Lord  Rayleigh  has  shown  that  for  simple  prisms 
the  resolving  power  depends  upon  the  difference  between  the 
longest  and  shortest  paths  of  rays  in  traversing  the  prisms. 
With  properly  constructed  apparatus  the  extreme  difference 
of  paths  will  be  the  sum  of  the  bases  of  the  prisms.  A  single 
prism  is  therefore  equal  in  resolving  power  to  two  prisms  of 
half  the  size.  Hence  we  see  that  the  power  of  a  spectro- 
scope is  by  no  means  defined  bj-  its  dispersion,  for  it  is  easy 
to  obtain  large  dispersion  with  small  resolving  power.  It  is 
customary  to  state  the  optical  power  of  an  instrument  in 
terms  of  the  number  of  simple  prisms  required  to  give  the 
«ame  dispersion,  and  although  the  statement  is  indefinite, 
yet,  as  prisms  for  astronomical  spectroscopes  are  generally 
of  about  the  same  size,  it  is  accurate  enough  for  conveying 
a  general  idea  of  the  efficiencj^  of  the  apparatus  employed. 

The  relation  between  thickness  of  glass  and  the  resolving 
power  of  a  prism  is  quite  analogous  to  that  between  aper- 
ture and  separating  power  of  a  telescope  objective. 

For  compound  prisms  the  rule  for  resolving  power  requires 
modification,  a  given  thickness  of  the  less  dispersive  medium 
(crown  glass)  not  counting  for  so  much  as  the  same  thick- 
ness of  flint  glass. 

The  equations  of  Lord  Rayleigh  show  that  a  prism  of 
dense  flint  glass  must  have  a  base  of  at  least  one  centimetre 
in  order  to  separate  the  D  lines.  If  the  student  wishes  to 
test  this  result  by  actual  experiment,  let  him  place  a  card- 
board stop  with  an  aperture  of  about  one-tenth  of  an  inch 
over  the  collimator  of  his  spectroscope  when  the  telescope  is 
directed  to  the  sun.  If  not  more  than  two  simple  prisms  are 
used,  he  will  find  that  with  no  adjustment  of  the  apparatus 
<:an  he  separate  the  D  lines,  although  there  maj-  be  abun- 
dance of  light.  A  long  slit  one-tenth  of  an  inch  wide  ma\'  be 
used  instead  of  a  circular  aperture,  provided  it  is  placed 
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parallel  with  the  refracting  edge  of  the  prism,  and  not  cross- 
Avise. 

The  resolving  power  of  a  grating  depends  on  the  number 
of  lines  used  on  the  grating  and  on  the  order  of  the  spec- 
trum. It  is  the  same  in  all  parts  of  the  spectrum  of  one 
order,  whereas  the  resolving  power  of  a  prism  increases  very 
rapidly  toward  the  violet,  where  it  is  seven  or  eight  times  as 
great  as  in  the  red. 

Professor  Schuster  takes  as  the  unit  of  resolving  power 
that  power  which  is  necessary  to  separate  lines  differing  by 
the  thousandth  part  of  their  own  wave-length.  A  spectrum 
in  which  such  lines  can  just  be  separated  has  unit  purity. 
The  resolving  power  of  a  spectroscope  is  numerically  equal 
to  the  greatest  purity  of  spectrum  obtainable  with  it. 

The  D  lines  are  very  nearly  one  one-thousandth  part  of 
their  own  wave-length  apart.  Hence  the  spectroscope  con- 
sidered above,  with  a  prism  one  centimetre  on  the  base, 
would  have  a  resolving  power  of  unity  for  sodium  light.  A 
grating  with  one  thousand  lines,  would  have  unit  resolving 
power  in  the  first  spectrum. 

The  great  advantage  of  a  grating  over  a  prism  in  regard 
to  resolving  power  is  apparent  from  the  figures  which  have 
been  given.  A  resolving  power  of  100,  which  is  easily  rea- 
lized in  large  gratings  of  modern  construction,  would  theo- 
retically require  a  thickness  of  one  metre  of  glass  if  obtained 
by  prisms,  and  doubtless  it  would  actually  require  much 
more  if  enough  light  were  left  after  passing  through  the 
prisms  to  make  the  experiment  practicable. 

When  there  is  paucity  of  light,  the  full  resolving  power  of 
a  spectroscope  cannot  be  realized. 

For  efficiency  in  regard  to  resolving  power  a  large  aper- 
ture of  the  spectroscope  is  an  important  condition,  as  we 
have  shown  it  to  be  in  most  cases  from  another  standpoint, 
for  brightness. 

Almost  all  our  space  has  been  devoted  to  a  consideration 
of  the  compound  spectroscope,  as  it  is  the  only  form  with 
which  exact  comparisons  of  spectra  are  possible.  For  mere- 
ly seeing  the  spectrum  very  simple  spectroscopes  suffice.  The 
McLean  star  spcctroscoj)c,  which  is  much  used  for  looking 
at  the  spectra  of  stars,  has  no  slit,  and  therefore  cannot  be 
used  for  any  other  purpose.    In  all  instruments  of  this  kind 
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which  I  have  seen,  the  spectrum  is  made  unnecessarily  wide, 
and  correspondingly  weak  by  using  a  cylindrical  lens  of  too 
short  focus.  A  somewhat  similar  combination  of  a  small 
direct-vision  prism  and  a  cylindrical  lens,  placed  on  the  eye- 
piece of  a  telescope  so  as  to  receive  the  emergent  beam,  will 
give  good  views  of  stellar  spectra. 

Such  spectroscopes  are  necessaril3'  of  small  resolving  pow- 
er, but  as  the  prisms  required  are  very  small,  but  little  light 
is  lost  by  absorbtion,  and  they  give  brilliant  spectra. 

It  has  been  impossible  to  mention  in  this  article  the  opti- 
cal and  mechanical  features  of  the  great  variety  of  forms 
which  have  been  given  to  the  spectroscope,  but  a  fair  judg- 
ment of  the  efficienc^^  of  any  particular  form  for  its  intended 
purpose  may  be  based  on  the  general  principles  which  have 
been  explained.  The  mechanical  execution  has  much  to  do 
with  the  "efficiency"  of  an  instrument,  not  in  the  limited 
sense  in  which  we  have  used  the  term,  but  in  its  more  usual 
application.  Even  mechanical  defects  which  are  apparently 
trivial,  such  as  the  division  of  a  micrometer  head  into  any 
number  of  parts  but  one  hundred,  or  the  marking  of  a  scale 
by  longer  lines  in  any  other  way  than  by  fives  and  tens,  by 
causing  annoyance  and  loss  of  time  to  the  observer,  possibly 
•even  mistakes,  detract  from  the  usefulness  of  the  instrument. 
The  mechanical  appliances  should  be  such  as  to  aiford  the 
greatest  facility  for  adjustment  and  accurate  measurement, 
^s  well  as  to  give  proper  support  to  the  optical  parts. 


A  FURTHER  NOTE  ON  STAR-DISTRIBUTION. 
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Some  years  ago  I  pointed  out  a  formula  b^^  which  the  rela- 
tive brilliancy  of  binary  stars  whose  orbits  were  known  and 
whose  light  had  been  measured  by  a  photometer,  could  be 
determined.  The  relative  brillianc\'  thus  computed  proceed- 
ed on  the  assumption  that  the  stars  were  in  each  case  globes 
of  the  same  density.  The  formula  was  only  strictly  correct 
where  the  satellite  was  very  small  compared  with  the  prin- 
cipal star,  but   in  every  case  it  afforded  an  approximation 

*  Dublin,  Ireland. 
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which,  in  dealing  with  averages,  was  quite  sufficient  for  the 
purpose. 

Last  year  Mr.  Gore  published  a  complete  catalogue  of  the 
Ijinarv  stars  whose  orbits  had  hitherto  been  computed,  giv- 
ing in  each  instance  the  brilliancy  according  to  my  formula. 
The  result  was  to  confirm  a  conclusion  which  I  had  already 
drawn  as  to  the  extraordinary  difference  in  brilliancy  be- 
tween diiferent  binary  stars.  Adopting  the  star  ^  Ursae 
Majoris  as  the  unit  (its  orbit  being  well  determined  and  the 
intensity  of  its  light  accurately  measured  both  at  Harvard 
and  at  Oxford)  Mr.  Gore's  figures  ranged  from  92.99  down 
to  0.0015.  So  far,  however,  the  table  did  not  throw  much 
light  on  the  problem  of  star-distribution;  but  to  this  it  has 
recently  been  extended  by  Mr.  Maunder  of  Greenwich,  in  a 
paper  which  appeared  in  Knowledge  for  June,  1891.  Mr. 
Maunder  compared  the  brilliancy  of  21  binary  stars  of  the 
Sirian  type,  with  that  of  29  stars  of  the  solar  type,  obtain- 
ing an  average  of  12.0  for  the  former  against  2.3  for  the  lat- 
ter. Reducing  this  result  to  the  photometric  scale  I  find 
that  a  Sirian  star  whose  mass  and  distance  is  equal  to  that 
of  a  solar  star  will,  on  the  a'verage,  appear  1.79  magnitudes 
brighter.  In  other  words  if  we  suppose  the  mean  range  of  a 
telescope  to  extend  to  stars  of  the  12th  magnitude,  it  will 
give  Sirians  at  a  distance  corresponding  to  the  12.9th  mag- 
nitude, while  it  will  stop  with  solar  stars  at  a  distance  cor- 
responding to  the  11.1th  magnitude.  Sirian  stars  will  thus 
be  visible  at  more  than  double  the  distance  of  solar  stars  of 
equal  mass. 

These  consequences  are  important  as  regards  the  number 
of  stars  of  different  classes  which  we  can  see  either  with  the 
naked  eye  or  with  the  telescope.  If  50  i)er  cent,  of  those 
which  we  see  are  Sirians,  it  does  not  follow  that  one-half  of 
the  stars  are  of  the  Sirian  type.  We  see  Sirian  stars  at  dis- 
tances where  the  corresponding  solar  stars  are  invisible. 
On  the  hypothesis  of  uniform  distribution  the  stars  of  the 
n  -+■  1th  magnitude  should  be  nearl}'  4  times  as  numerous 
as  tho«e  of  the  /Jth  magnitude  and  3  times  as  numerous  as 
all  the  stars  brighter  tlian  the  n  +  1th  magnitude.  I  have 
pointed  out  that  in  using  photometric  measures  this  pro- 
portion is  never  realized.  3  and  2  will  be  found  to  answer 
better  llirm    \  rmd  3,  and   for   the  i)rescnt    purpose   I    slinll 
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adopt  them.  As  a  difference  of  one  magnitude  makes  the 
stars  three  times  as  numerous,  a  difference  of  1.79  magni- 
tudes will  make  them  about  seven  times  as  numerous  and 
the  Sirian  stars  visible,  either  with  the  naked  eye  or  in  any 
given  telescope,  will  be  about  five  times  as  numerous  as  they 
would  appear  to  be  if  our  eyes  and  our  telescopes  had  the 
same  space-penetrating  power  for  solar  as  for  Sirian  stars. 

How  far  this  result  can  be  carried  on  to  red  stars  I  am 
not  in  a  position  to  offer  any  opinion.  But  I  think  there  is 
little  doubt  that  their  brilliancy  is  less  than  that  of  solar 
stars  and  that  the  space-penetrating  power  of  telescopes  for 
red  stars  is  consequently  less  than  for  solar  stars.  If  we 
could  separate  the  stars  included  in  any  given  sphere  with 
the  sun  as  centre  from  those  lying  outside  that  sphere,  we 
should  probably  find  the  red  stars  much  more  numerous 
than  a  mere  count  of  the  sky  would  have  led  us  to  expect, 
the  solar  stars  about  as  numerous  as  we  expected,  and  the 
Sirian  stars  much  reduced  in  number.  It  is  no  objection  to 
this  conclusion  that  some  Sirian  stars  have  measurable  par- 
allaxes and  that  some  bright  red  stars  have  not.  Stars,  no 
doubt,  differ  enormously  in  mass  as  well  as  in  brilliancy, 
and  no  conclusion  in  which  one  of  these  elements  has  been 
neglected  can  be  relied  on  in  individual  instances. 

Mr.  Maunder,  it  should  be  stated,  holds  that  solar  stars 
are  generally  speaking  of  greater  mass  than  Sirian.  We 
shall  hardly  be  in  a  position  to  decide  this  question  until  the 
parallaxes  of  binary  stars  have  been  better  determined. 
Greater  mass  would,  of  course,  act  as  an  equivalent  for 
great  brilliancy  and  the  space-penetrating  power  of  our 
telescopes  for  both  classes  of  stars  might,  on  this  assump- 
tion, be  nearly  identical.  Without  denying  that  there  are 
some  grounds  for  Mr.  Maunder's  opinion,  however,  I  think 
the  supposed  greater  mass  of  the  solar  stars  will  not  ex- 
plain the  whole  of  the  phenomena.  Binary  stars  which  can 
be  separated  in  the  telescope  and  yet  revolve  in  a  measur- 
able period  must  be  among  our  comparatively  near  neigh- 
bors. Mr.  Maunder's  comparison  of  these  gives  29  solar 
stars  to  21  Sirian.  But  probably  even  within  these  limits 
of  distance  there  are  solar  stars  which  have  escaped  obser- 
vation (at  least  such  continuous  observation  as  would  be 
required  for  the  computation  of  orbits)  owing  to  their  faint- 
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iiess,  but  which  would  have  been  observed  and  computed  if 
promoted  to  the  Sirian  rank.  The  proportion  of  58  solar 
stars  to  42  Sirian  is  thus  likel3^  to  be  under  instead  of  over 
the  mark,  at  least  as  regards  the  nearer  stars ;  whereas  on 
a  general  count  of  the  sky  these  proportions  would  proba- 
bh'be  reversed.  There  is  no  reason  to  think  that  solar  stars 
have  a  greater  tendency  to  form  binary  systems  than 
Sirian :  indeed  for  very  close  doubles  vvhich  are  detected  only 
in  eclipse  or  by  spectroscopic  variations  the  evidence  points 
the  other  way.  The  subject  is  well  worth  following  up. 
One  consequence  of  my  theory  that  Sirian  stars  are  farther 
from  us  than  solar  stars  of  the  same  photometric  magni- 
tude is  that  the  solar  stars  of  anv  magnitude  will  on  the 
average  have  a  greater  proper  motion  than  the  Sirian 
while  the  red  stars  will  probably  surpass  both.  A  classi- 
fication of  fast-moving  stars — say  those  with  a  proper  mo- 
tion of  over  0.5"  per  year — according  to  their  spectra 
would  help  to  solve  this  problem. 

I  may  remark  that  this  conclusion  does  not  depend  on  the 
assumption  that  the  unit  of  surface  is  brighter  in  the  case  of 
Sirian  than  of  solar  stars.  The  effect  would  be  the  same  if 
Sirian  stars  were  of  small  density  and  presented  to  us  a  very 
large  extent  of  illuminated  surface  relatively  to  their  mass. 
The  phenomena  of  the  Algol  type  of  variables  (assuming 
them  all  to  be  Sirian ;  but  I  am  not  aware  that  the  spectra 
of  some  of  them  have  been  determined)  favor  this  assump- 
tion of  small  density.  But  small  densit3'  does  not  implj' 
small  mass,  and  it  seems  certain  that  the  mass  of  some  of 
the  nearer  Sirian  stars  exceeds  that  of  the  sun.  But  of 
course  the  sun  may  be  a  verj'  small  solar  star.  I  ought  to 
have  noticed  that  the  larger  mass  of  the  solar  stars  assumed 
by  Mr.  Maunder  might  render  the  computation  of  orbits 
more  easy  by  shortening  the  period  of  the  revolution. 
Measures  of  parallax  seem  here  again  requisite,  though  a 
part  of  the  difficulty  might  be  removed  by  observations 
(carried  on  for  some  years)  of  the  spectroscopic  velocities  of 
the  stars  in  the  line  of  sight.  To  both  parallax-measurers 
and  si)ectroscopists  binary  stars  offer  an  interesting  field  of 
invest  iir;i(  ion. 
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Everj'  science  has  a  histor3',  and  it  will  often  happen  that 
a  due  presentation  of  the  facts  of  that  history  and  a  due 
comprehension  of  their  bearing  will  greatly  aid  an  intelli- 
gent reader  in  his  study  of  the  particular  science  in  its  mod- 
ern aspects.  All  this  is  particularly  true  of  Astronomy.  A 
student  who  has  mastered  the  facts  appertaining  to  its  ori- 
gin in  early  times,  and  to  its  subsequent  developement  down 
to  the  present  epoch,  should  have  acquired  a  considerable 
general  knowledge  of  the  science  itself  as  a  whole. 

Poetr^^  and  romance  have  always  talked  about  the  Chal- 
dean shepherds  as  the  first  astronomers.  I  can  neither 
affirm  nor  deny  the  idea.  But  when  one  considers  bow 
much  time  men  of  the  shepherd  class  spend  out  in  the  open 
air,  and  hovv^  accurate  their  anticipations  of  the  weather 
generalh'  are,  it  seems  not  unreasonable  to  think  that  such 
men  as  the  shepherds  of  Eastern  lands  may  have  been  in  a 
certain  general  sense  the  earliest  astronomers. 

This  conception  naturally  suggests  the  question,  "Do  we 
find  any  allusions  to  astronomical  •  matters  in  the  Holy 
Scriptures  ?  "  To  this  the  answer  must  be  in  the  affirmative. 
Of  historical  events  there  are  two,  the  astronomial  import 
of  which  is  very  obvious:  (1)  The  standing  still  of  the  sun 
and  moon,  as  so  stated,  at  the  command  of  Joshua  ;t  and 
(2),  the  going  back  of  the  shadow  of  the  sun  for  King  Heze- 
kiah's  sake  on  the  dial  of  Ahaz.J 

The  former  of  these  events  has  never  been  adequately  ex- 
plained, and  it  can  only  be  regarded  as  having  been  a  miracle 
in  the  proper  sense  of  the  word.  With  respect,  however,  to 
what  happened  in  the  case  of  Hezekiah  there  seems  reason 
to  believe  that  the  observed  facts  may  be  reconcilable  with 
the  circumstances  of  a  partial  eclipse  of  the  sun,  visible  as 
such  at  Jerusalem  on  January  11,  689  b.  c.  This  eclipse  is 
known  to  have  happened  nearly  at  noon,  and  if  we  may  sup- 
pose the  words  "  dial  of  Ahaz  "  to  apply  to  a  large  gnomon 
or  sundial  formed  of  masonry,  and  similar  in  character  to 

*  From  Pictorial  Astronomy  for  General  Readers,  June,  1891.  . 
t  Joshua  X.  13.  '    %  II.  Kings  xx.  11. 
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such  a  structure  as  that  which  still  exists  at  the  ruined  Hin- 
du Observatory-  at  Benares,  we  may  understand  that  a 
shadow  caused  by  an  uneclipsed  sun  might  be  brought  back 
on  the  upper  part  of  the  sun's  disk  suddenly  ceasing  for  an 
hour  or  so  to  be  a  source  of  light.* 

Passing  from  Asia  into  Europe  we  come  to  the  Greeks,  of 
whom  it  may  be  said  generally  that  they  were  great  astron- 
omers as  well  as  physicists.  The  names  of  Thales,  Pythago- 
ras, Anaximenes,  Aleton,  Eudoxus,  Philolaus,  Aristotle, 
Calippus,  Archimedes,  Aratus,  Aristarchus,  Eratosthenes, 
Apollonius  and  Hipparchus  will  readily  occur  to  the  mind. 
They  were  perhaps  not  all  Greeks  in  the  strict  literal  sense  of 
the  word,  but  may  virtually  be  regarded  as  such,  bearing 
in  mind  the  school  of  thought  (to  use  a  hideous  modern 
term)  to  which  they  belonged.  Two  or  three  of  those  men- 
tioned, such  as  Thales,  Aristotle,  and  Hipparchus,  were 
giants  in  science,  comparable  with  the  Humboldts  and  Her- 
schels  of  the  present  century.  This  remark  is  peculiarly  true 
of  Hipparchus.  The  work  which  he  performed  really  laid 
the  foundations  for  the  science  of  exact  astronomy  as  distin- 
guished from  mere  star-gazing. 

The  labors  of  Hipparchus  were  as  varied  as  they  were  im- 
portant. He  discovered  the  Precession  of  the  Equinoxes ; 
was  the  first  to  use  Right  Ascensions  and  Declinations; 
probably  invented  the  stereographic  projection  of  the 
sphere;  suspected  that  inequality  in  the  moon's  motion 
afterwards  discovered  by  Ptolemy  and  known  as  the  Evec- 
tion ;  calculated  eclipses ;  and  formed  the  first  regular  cata- 
logue of  stars  in  consequence  of  having  observed  a  tempor- 
ary star  burst  forth  in  131  n.  c. 

After  the  Christian  Era  the  first  illustrious  name  which 
appears  on  the  pages  of  Astronomical  History  is  that  of 
Ptolemy  of  Alexandria,  who  lived  from  100  a.d.  to  170  a.d. 
He  was  both  a  writer  and  an  observer.  His  great  work 
was  the  celebrated  ^^Uyih,  ln;Tahs\  better  known  by  its  Ara- 
])ian  designation  of  The  Almagest.  This  work  contains, 
among  other  things,  a  review  of  the  labors  of  Hipparchus; 
a  description  of  the  heavens,  including  the  Milky  Way;  a 
catalogue  of  stars;  sundry  arguments  against  the  motion 

•  All  the  (IctailH  of  thin  are  very  well  worked  out  in  Mr.  J.  W.  Bosan- 
qtict'ii  Menniah,  the  Prince,  Hvo,  London  ISOI),  |).  17(1,  ft  scq. 
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of  the  earth,  and  notes  on  the  length  of  the  year.  To  Ptol- 
emy we  owe  the  discovery  of  the  Lunar  Evection,  of  the  re- 
fractive properties  of  the  atmosphere,  and  of  the  theor\'  of 
the  universe  which  bears  his  name. 

It  is  a  remarkable  fact  that,  great  as  they  were  in  almost 
every  department  of  life,  the  Romans  utterly  failed  as  men  of 
science.  Perhaps  it  would  be  more  accurate  to  say  that  they 
never  tried  their  hands  at  physical  science.  This  is  the  more 
remarkable  when  we  remember  how  great  they  were  in 
everything  else.  They  were  great  lawyers,  great  engineers, 
great  statesmen,  great  generals,  great  scholars,  great  poets, 
great  even  in  medicine  and  surgery,  but  as  sailors  they  ob- 
tained but  moderate  success,  whilst  for  physical  science  they 
have  left  us  nothing  to  show. 

During  the  first  half  do^en  centuries  of  the  Christian  Era, 
Alexandria  may  be  regarded  as  having  been  the  great  center 
whence  astronomical  knowledge  was  disseminated  through- 
out the  world.  But  in  640  a.  d.,  the  Alexandrian  school  was 
broken  up  by  the  Saracens  under  Omar.  In  the  following 
century,  on  the  building  of  Bagdad  by  the  Caliph  Al-Mansar, 
that  place  became  the  great  center  of  Astronomy,  and  con- 
tinued to  be  such  for  400  or  500  years. 

The  names  which  have  come  down  to  us  in  this  conection 
are  not  numerous,  but  they  are  individually  weighty. 
Grouping  together  various  writers  and  workers  under  the 
general  name  of  Arabic  or  oriental  astronomers,  we  fall  in 
with  the  following:  Albategnius,  Alfraganus,  Al-Sufi,  Ebn 
Yunis,  and  Abul  Wefa.  Albategnius  {circa  880  a.  d.)  may  be 
regarded  as  the  most  distinguished  astronomer  between 
Hipparchus  and  Tycho  Brahe.  He  discovered  the  motion  of 
the  solar  apogee,  corrected  the  value  of  precession  and  of 
the  obliquity  of  the  ecliptic  as  previously  received,  formed  a 
catalogue  of  stars,  and  was  the  first  to  use  sines  and  chords. 
Al-Sufi  (d.  986  A.  D.)  was  a  distinguished  Persian  astrono- 
mer, who  left  behind  him  a  very  curious  and  interesting  cat- 
alogue of  stars,  of  which  a  translation  into  French  was 
published  by  Schjellerup  at  St.  Petersburg,  in  1874.  Ebn 
Yunis  and  Abul  Wefa  both  lived  about  the  year  1000  a.  d., 
and  greatly  developed  the  use  of  trigonometry.  The  latter 
is  thought  by  some  to  have  discovered  the  lunar  inequality 
known  as  the  Variation. 
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In  1079  we  find  a  Persian  astronomer  of  the  name  of 
Omar  proposing  to  reform  the  Calendar  by  interpolating 
one  day  in  even,-  fourth  year,  but  postponing  to  the  thirty- 
third  year  the  interpolation  belonging  to  the  thirt3^-second 
year.  This  would  have  produced  an  error  of  only  one  daj' 
in  5000  years,  whereas  the  error  arising  in  the  Gregorian 
Calendar,  adopted  five  centuries  later,  and  which  we  now 
use,  amounts  to  one  day  in  3846  3'ears.  The  acuteness  and 
research  of  this  Persian  philosopher  maj-  well  excite  our  sur- 
prise and  admiration. 

The  translation  of  Ptolem^^'s  Almagest  from  Arabic  into 
Latin,  and  the  work  done  in  Spain  under  the  patronage  of 
Alphonso  X.,  King  of  Castile,  indicate  a  movement  of  as- 
tronomical knowledge  in  a  western  direction  over  Europe. 
Accordingly  the  revival  of  letters,  the  invention  of  printing, 
and  the  taste  for  geographical  research,  cultivated  especially 
by  the  English,  the  Portuguese,  and  the  Spaniards,  gave  a 
great  impulse  to  the  exact  sciences,  and  of  course  to  astron- 
omy amongst  them.  Hence  it  follows  that  work  and  work- 
ers multiph'  all  over  Western  Europe,  Germany'  taking  the 
lead.  The  names  of  several  of  the  famous  men  of  the  16th 
and  following  centuries  have  already  occurred  in  these  pages 
in  connection  with  particular  items  of  work  which  they  did, 
and  with  the  results  which  they  left  behind.  It  may  serve 
to  fix  some  of  these  names  in  the  mind  of  the  reader  if  I 
enumerate  a  few  of  these  men,  and  the  centuries  in  which 
they  died. 

During  the  16th  century  we  have  Regiomontanus,  Coper- 
nicus, and  Jordanus  Brunus.  The  two  first  were  working 
astronomers  in  the  fullest  sense,  but  Jordanus  Brunus  was 
rather  a  philosophical  speculator  on  astronomical  subjects 
than,  strictly  speaking,  a  working  astronomer. 

In  the  17th  century  we  find  Tycho  Brahc  (d.  1601),  Fa- 
bricius  (d.  1616),  Kepler  (d.  1630),  Galileo  (d.  1642),  Torri- 
celli  (d.  1647).  Descartes  (d.  1650),  Gassendi  (d.  1655), 
Hevelius  (d.  16H7),  and  C.  Huygens  (d.  1605).  This  cen- 
tury produced  the  first  star  atlas,  by  Bayer,  a  work  which 
constituted  a  new  departure  in  astronomical  records;  the 
refracting  telescope;  the  discovery  of  spots  on  the  Sun;  the 
discovery  of  the  satellites  of  Jupiter  and  of  Saturn  ;  observa- 
tions of  transits  of  Venus  and  Mercury;   pendtdum  clocks; 
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the  reflecting  telescope;  the  discovery  of  the  progressive 
transmission  of  light;  and  important  investigations  into 
the  theory  of  the  Moon.  In  1666  Flamsteed  commenced  ob- 
servations at  Greenwich  Observatory,  and  by  so  doing  laid 
the  foundations  for  that  great  and  prolonged  developement 
of  scientific  work  there  which  inspired  Bessel,  half  a  century 
ago,  to  say  that  if  all  the  books  on  astronomy  in  the 
world,  and  all  the  observatories  in  the  world,  except  Green- 
wich, were  destroyed  by  some  great  catastrophe  of  nature, 
the  whole  science  could  be  re-constructed  from  its  founda- 
tion by  means  of  the  knowledge  gathered  up  and  stored  at 
the  Greenwich  Observatory. 

All  things  considered,  the  18th  century  did  not  show  such 
an  advance  over  the  17th  as  the  progress  of  learning  and 
the  multiplication   of  telescopes  might  have  led  us  to  ex- 
pect.   Although  NevVton  lived  on  till  the  year  1727,  j^et  he 
belonged  much  more  to  the  previous  century,  his  immortal 
Principia  having  been  published  as  far  back  as  1687.     The 
first  and  greatest  of  the  five  generations  of  the  Cassini  fam- 
ily who  have  left  their  mark  on  French  astronomy   (Jean 
Dominique),  though  he  died  in  1712,  3^et  performed  all  his 
important  work   (and  very  important  it  was)   during  the 
second  half  of  the  17th  century.    The  names  which  should 
be  picked  out  and  attached  to  the  18th  century  are  only 
Leibnitz  (d.  1716),  who  was  more  a  mathematician  than 
a  scholar,  Flamsteed   (d.  1719),  J.  P.   Maraldi    (d.  1729), 
Halley   (d.  1742),  Bradley   (d.  1762),  La  Caille  (d.  1762), 
Ferguson  (d.  1776),  Pingre  (d.  1796),  and  Le  Monnier  (d. 
1799).    A  detailed    inquiry  into  the  circumstances  of  the 
18th  century    discloses    the   general  fact  that  the  French 
came  very  much  to  the  front  as  observers  and  mathemati- 
cians; that  the  Italians  to  a  considerable  extent,  and  the 
Germans    almost    entirely,   receded    into    the    background ; 
whilst  the  progress  of  the  English  was  chiefly  in  regard  to 
practical  matters,  such  as  nautical  astronomy  and  naviga- 
tion, clocks,  chronometers,   and  time  appliances  generally, 
and  the  construction  of  astronomical  instruments  of  preci- 
sion.   But  we  must  not  pass  away  from  the  18th  century 
without  noting  two  very  important  points  of  progress,  the 
invention  of  the  achromatic  object-glass  by  Dollond,  and 
Sir.  W.  Herschel's  success  in  the  manufacture  of  the  reflect- 
ing telescopes,  and  the  use  of  them. 
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The  progress  of  astronomy  during  the  19th  centur}--  has 
been  so  absolutely  great,  that  it  is  quite  hopeless  to  given 
even  a  sketch  of  it.  However,  nearly  all  the  facts  which  be- 
long to  this  century,  together  with  the  names  of  the  men, 
and  some  of  the  dates,  have  already  been  brought  before  the 
reader  in  previous  chapters.  The  onl3'  points  which  it  seems 
possible  to  specif\'  are :  the  great  progress  in  the  construc- 
tion of  large  astronomical  instruments,  and  the  application 
of  photography  and  of  the  spectroscope  to  astronomical 
purposes.  But  besides  these  general  points,  it  is  impossible 
not  to  be  struck  with  the  remarkable  grow^th  of  the  science 
in  England  in  the  hands  of  amateurs;  in  Germany  in  the 
hands  of  government  establishments ;  and  in  America  in 
connection  wnth  universities,  colleges,  and  semi-public  ob- 
servatories endowed  by  deceased  benefactors.  These  are 
three  well-marked  national  differences'  of  modi  operandi  on 
which  a  political  astronomer  would  probably  feel  inclined  to 
comment  at  length,  and  from  which  to  draw  moral  lessons. 
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THE    PLANETS. 


Mercury,  having  just  passed  superior  conjunction  will  be  tor  a  few 
days  too  near  the  sun  to  be  observed.  During  the  latter  half  of  November 
daylight  observations  of  the  planet  ma}-  be  obtained  in  the  afternoon. 
During  the  second  week  in  December,  Mercury  will  be  visible  to  the  naked 
eye  about  an  hour  after  sunset  each  evening.  The  planet  will  be  at  great- 
est elongation  east  of  the  sun,  20°  36',  Dec.  11  at  9  A.  M. 

Venus  is  moving  slowly  eastward  from  the  sun,  but  is  at  the  same  time 
going  south  so  that  its  position  is  becommg  less  fav()ral)le  to  northern  ob- 
servers. Venus  and  Mercur}-  will  be  in  conjunction,  only  1°  15'  ajjart  in 
declination,  Dec.  ">  at  1>  a.  m.,  central  time. 

On  the  afternoon  of  Oct.  I),  the  atmosphere  being  exceedingly  trans- 
jmrcnt  and  steady,  we  turned  our  IG  inch  telescope  upon  Venus,  and  were 
able,  after  half  an  hour  of  steady  looking,  to  make  out  and  to  sketch  some 
markings  on  the  planet's  surface.  There  was  no  doubt  in  the  observer's 
mind  that  the  markings  seen  were  real,  but  to  decide  upon  their  exact  form 
an«l  Mketch  them  correctly  was  almost  impossible.  The  configuration  most 
easily  gra«|)C<l  was  that  of  an  irregular  wheel,  of  about  two-thirds  the 
diameter  of  the  planet,  with  four  spokes  meeting  a  little  south-west  of  the 
center  of  the  planet's  disk.  The  magnifying  power  of  the  eyepiece  used  was 
4(K). 
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Mars  is  not  in  position  to  be  observed. 

Jupiter  is  the  brilliant  star  which  everyone  must  notice  now  toward 
the  south  in  the  early  evening.  And  a  grand  object  he  is  in  the  telescope. 
We  have  spent  several  enjoj^able  hours  with  this  planet  during  the  past 
month.  The  new  large  red  spot  was  on  the  central  meridian  of  the  j)lanet 
Oct.  8  at  10''  12'"  central  standard  time.  Mr.  Denning  gives  the  period  of 
rotation  of  tliis  spot  as  9''  55'"  18.3"  or  about  23  seconds  less  than  that  of 
the  great  red  spot  (Observatory,  Oct.  1891,  p.  329).  It  is  in  the  same  lati- 
tude with  the  dark  belt  just  south  of  the  great  red  spot,  and  is  perhaps  just 
a  darker  part  of  that  belt.  It  was  first  noticed  by  Mr.  A.  S.  Williams  in 
June,  1889.  There  are  several  white  spots  in  this  belt  which  have  the 
same  period  of  rotation.  One  of  these  was  on  Jupiter's  central  meridian  at 
8:30  p.  M.,  Oct.  15,  following  the  red  spot  by  a  little  less  than  two  hours. 
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Map  Showing  Path  of  Neptune  Through  Taurus. 

In  the  "  English  Mechanic  "  for  Oct.  2,  Mr.  Denning  has  an  interesting  list 
of  rotation  periods  derived  by  difl'erent  observers  from  markings  in  the 
southern  hemisphere,  which  agree  closely  together  but  differ  from  that  of 
the  great  spot.    We  quote  them  for  the  benefit  of  our  readers  : 

h.     tn.         s. 

9    55    17.6        Schroter.  A  break  in  a  dark  streak,  lat.  20°  S. 

9    55    20  Lohse.  Dark  streak,  lat.  30°  S. 

9    55    17.2       Schmidt.  A  marking  S.  of  the  great  S.  belt. 

9    55    23  Trouvelot.         Grey  belt  S.  of  red  spot. 

9    55    15  Trouvelot.        Grev  spot  in  same  zone  as  last. 

9    55    21.6        Williams.  White  spot  in  lat.  30°  S. 

9    55    11.8       Williams.  Dark  spot  ditto. 

9    55    17.8        Williams.  Dark  spot  ditto. 

9    55    17.9        Denning.  Short  belt  ditto. 

9    55    18.2        Denning.  Bright  spot  ditto. 

The  mean  of  all  these  is  ^^  55'^  18', 
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The  fiiie  belt  on  the  equator  of  the  planet  mentioned  last  month  has 
been  seen  on  several  occasions  since  that  time.  It  can  be  seen  only  when 
the  definition  is  good ;  at  times  the  white  belt  between  it  and  the  great 
southern  dark  belt  seems  full  of  \Qxy  faint  red  markings. 

Saturn  is  not  in  good . position  yet  for  observation,  but  every  oppor- 
tunit3'  should  be  used  to  watch  the  gradual  reappearance  of  the  rings  dur- 
ing this  month.  Saturn  may  be  observed  only  in  the  morning  from  3"^  to 
sunrise. 

Uranus  is  behind  the  sun. 

Neptune  comes  to  opposition,  Nov.  29.  He  may  be  observed  during 
the  whole  night,  and  is  to  be  found,  in  the  early  evening,  toward  the  east 
not  far  from  the  bright  star  Aldebaran  in  the  constellation  Taurus.  The 
accompanying  map  shows  the  stars  which  are  visible  to  the  naked  eye  in 
that  region  of  the  heavens.  The  two  groups  of  bright  stars,  the  Hyades 
and  the  Pleiades  will  be  easily  recognized  on  any  clear  night.  The  fainter 
stars  can  onh^  be  seen  on  very  dark  nights.  An  opera  glass  will  enable  one 
easilv  to  see  all  of  these  and  more. 


Date.  R.  A.  Decl. 

1891.  h      m  °     ' 

Nov.  25 17  II. o  —25  12 

Dec.  5 18  13.4  -  25  45 

15 18  58.6  -  24  03 


Nov.  25 17  18.6    —23  51 

Dec.  5 18  13.4    -  24  31 

15 19  08.2    -  23  56 


Nov.  25 13  22.8    —  7  36 

Dec.  5 13  46.7    -  9  57 

15 14  10.9    —  12  12 


Nov.  25 22  44.3    —  9  24 

Dec.  5 22  47.6    —  9  02 

15 22  52.0    -  8  33 


Nov.  25 II  57.3  +  2  33 

Dec.  5 II  59-9  4-  2  19 

15 12  01.9  -|-  2  09 

Nov.  25 14  06.3  -  12  17 

Dec.  5 14  08.4  —  12  28 

15 '4  '0.3  -  '2  38 

Nov.  25 4  25.0  -j-  20  00 

Ficc.  5 4  23-8  4-  «9  57 

15 4  22.7  -f-  19  55 

Nov.  25 16  04.7  -  20  49 

Dec.  5 16  47.S  -  22  25 

^^■■■■■^1   3«-8  -  23  18 


•MERCURY. 

Rises, 
h     m 
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h       m 

h 
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m 
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9  02     ' 

M. 

12 
I 
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21.9 
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M. 
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M. 
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< 
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10 
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M. 
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M, 
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Jupiter's  Satellites. 


Nov.  16 
17 

18 


20 
21 


Central  Time 
h    m 

6  38  P.  M. 

7  30  " 
9  05  " 
4  27  " 
4  40  " 
7  18  " 
9  20  " 

6  28  " 

7  49  " 

8  47  " 

10  07  " 

7  25  " 

4  36  " 

9  12  " 
6  17  " 

8  26  " 

6  55  " 

7  05  " 
7  14  " 

9  55  " 

11  06  " 

27  11  15  " 

28  8  23  " 
9  44  " 

10  42  " 

5  43  " 
9  20  " 

5  11  " 
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22 
23 


24 


25 
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II  Oc.  Dis. 
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II  Sh.  In. 
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II  Oc.  Dis. 
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IV  Tr.  In. 
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Dec. 
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11 
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6  49  P.  M. 

10  17  " 

6  58  " 

9  43  " 

9  51  " 

6  32  " 

6  38  " 

5  41  " 
10  19  " 

7  40  " 

4  48  " 

6  09  " 
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8  27  " 
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9  16  " 

4  27  " 

5  30  " 
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Eg. 
Re. 
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IV  Ec. 
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Configuration  of  Jupiter's  Satellites  at  7  p.  m.,  for  an  Inverting  Telescope. 
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Approximate  Central  Times  when  the  Great  Red  Spot  passes  the  Central  Mer- 


Nov.  16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


h 

3 

9 

5 
11 

7 

3 

8 

4 
10  26 

6  17 


52  I' 

39 

31 

18 

09 

00 

47 

39 


idian  of  Jupiter. 
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Minima  of  Variable  Stars  of  the  Algol  Type. 

U  CEPHEI. 

R 

CANIS  MAJ. 

S.  ANTLL^,  Co.NT. 

R.  A.. 

...O''  52"'  32^ 
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3 
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9 
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9  p.  M. 

22 

5      " 

9 

10     " 

15 
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Occultations  Visible  at  Washington. 


Date. 


Star's 
Name. 


Nov.  17. ..139  Tauri 


Dec. 


r'  Ac|uarii 
.r*  Aquarii 
.i4Ceti 
.15  Ceti 
.//  Piscium 
13. ..56  Tauri 
13. ..x'  Tauri 
13. ..h' Tauri 
14. ..118  Tauri 


7- 
7- 
9. 
9. 
10. 


Magni- 
tude. 

5-3 
5.8 
4.1 
6.0 
6.8 
5-0 
6.0 

4-7 
6.3 
5-7 


IMMERSION. 
Wash.     Angle  f 'ni 
N.  P't. 


Mean  T. 
h    tn 
18  32 

8  22 

9  15 

11  28 

12  7 

12  35 
>3  5« 
16  15 

16  16 

17  40 


95 
147 
92 

341 
74 
37 

167 
80 

loo 
67 


EMERSION. 
Wash.      Angle  f'ni  Dura- 
Mean  T.        N.P't.  tion. 
h    m                °  h  m- 
19  27.8           312  O  56 
Star  o'.9  S.  of  moon's  limb. 

10  5.6          205  o  51 

11  42.4  314  o  14 
13  3.0  229  o  56 
13  29.5     269  o  55 

Star  o'. 9  S.  of  moon's  limb. 

17  12.4     266  o  57 

17  >i-2     245  o  55 

18  31.0     293  o  51 


Phases  and  Aspects  of  the  Moon. 

Central  Time. 

(I         h  m 

LiihLOuaiLer N<jv.    23        2  26  A.M. 

Apogee "       25        2  48  p.m. 

New  Moon Dec.      1        5  45  A.  M. 

Pirst  Quarter "         s     li  13  a.m. 

Perigee "       II      12  (5  p.m. 

Full  Moon 1.'.       r,  r,:i  a.m. 
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Total  Eclipse  of  the  Moon  Nov.  15,  1891.  We  refer  our  readers  to  our 
last  number  for  the  data  concerning  this  eclipse,  chart  of  the  stars  in  the 
moon's  path,  and  the  list  of  occultations.  The  moon  will  enter  the  penum- 
bra of  the  earth's  shadow  at  S**  36'"  central  standard  time.  This  phase  of 
a  lunar  eclipse,  is,  however,  never  noticeable.  The  moon  will  touch  the  um- 
bra or  the  dark  part  of  the  shadow  at  4''  S.^™.  For  some  time  before  this 
a  faint  shading  will  have  been  noticed  creeping  upon  the  east  side  of  the 


moon,  but  at  this  monieni  it  will  become  much  darker  at  liio  c(l^a\  The  ac- 
companying cut  will  show  at  what  point  of  the  moon's  limb  the  shadow 
must  be  looked  for.  The  first  contact  will  be  at  ^.  D  indicates  the  last 
point  of  the  moon  to  be  covered  as  it  enters  wholly  within  the  shadow  at 
5h  37m  C  marks  the  points  which  will  first  emerge  from  the  shadow  at 
the  end  of  totality,  at  1^  01'";  and  B  the  point  which  is  last  to  leave  the 
umbra  at  S'^  03"".  For  a  few  minutes  after  this  the  penumbral  shadow  will 
still  be  visible,  but  this  will  fade  out  long  before  the  end  of  the  eclipse  at 
9h  03'n  central  time. 


Minor  Planets.    Notices  of  the  discovery  of  the  minor  planets  are  re- 
sumed from  the  May  issue  of  this  journal : 

No.  310,  discovered  by  Charlois  May  16,  1891,  Mag. 
No.  311,  discovered  by  Charlois  June  11,  1891,  Mag. 
No.  312,  discovered  by  Palisa  Aug.  14,  1891,  Mag. 
No.  313,  discovered  by  Charlois  Aug.  28,  1891,  Mag.  12. 
No.  314,  discovered  by  Palisa,  Aug.  30,  1891,  Mag.  11. 
No.  315,  discovered  by  Charlois,  Sept.  1,  1891,  Mag.  13. 
No.  316,  discovered  by  Palisa,  Sept.  4,  1891,  Mag.  13. 
No.  317,  discovered  bv  Charlois,  Sept.  8.  1891,  Mag.  13. 
No.  318,  discovered  by  Charlois,  Sept.  11,  1891,  Mag.  11. 
No.  319,  (probablv) ;  bv  Paflsa,  Sept.  12,  1891,  Mag.  13. 
No.  320,  (probablv);  Palisn,  Oct.  15,  1891,  Mag.  12. 
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Reappearance  of  Saturn's  Rings.  Saturn  has  been  observed  with  the 
151 2-inch  equatorial  telescope  of  the  Washburn  Observatory  on  every  clear 
morning  for  some  weeks  past,  the  observations  being  usually  made  by  Mr. 
S.  D.  Townlej',  but  occasionally  by  m^'self.  The  atmospheric  conditions 
have  been  rather  unfavorable,  but  on  the  morning  of  Friday,  Oct.  16,  the 
seeing  was  good,  and  the  planet  was  carefully  examined  by  both  observers, 
neither  of  whom  could  detect  any  trace  of  the  rings  except  the  fine  dark 
shadow  projected  upon  the  disk  of  the  planet. 

Upon  the  next  clear  morning,  Tuesday,  Oct.  20,  the  planet  was  again 
examined  under  fairh-  good  atmospheric  conditions  b}^  both  observers,  who 
agree  that  no  trace  of  the  rings  could  be  seen  at  6"^  50™  local  sidereal  time, 
the  zenith  distance  of  the  planet  being  then  75°.  Twenty  minutes  later, 
the  seeing  having  improved  somewhat,  owing  to  the  increased  altitude  of 
the  planet.  Air.  Townley  saw  the  ring  extending  out  frcftn  each  side  of  the 
planet  as  a  very  faint  line  of  light,  seen  by  glimpses  and  with  difiicultv',  but 
certainh'.  At  7^  30™,  although  the  twilight  had  become  quite  bright,  I 
saw  the  ring  on  each  side  of  the  planet  faint  and  difficult  but  steadily  visi- 
ble e.xcept  at  intervals  of  temporary  bad  seeing.  The  ring  was  a  trifle 
more  conspicuous  on  the  preceding  than  on  the  following  side  of  Saturn. 
A  magnifying  power  of  145  diameters  was  used  in  all  the  observations. 

"Washburn  Observatory,  Oct.  20,  1891.  Geo.  C.  Comstock. 


COMET  NOTES. 


Comet  d  1891  {Barnard  Sept.  27,  Tempcl-Swifi?)  Two  new  comets 
have  been  discovered  since  our  last  issue,  both  by  E.  E.  Barnard  at  the  Lick 
Observatory.  The  first  was  discovered  on  the  evening  of  Sept.  27,  in  the 
northwest  corner  of  the  constellation  Aquarius.  Sept.  28.6986  gr.  m.  t. 
its  position  was  R.  A.  20>'  SS""  45.4";  Decl.  —  1°  22'  36".  This  is  probably 
the  j^eriodic  comet  Tempel-Swift,  which  was  expected  not  far  from  that 
part  of  the  heavens.  The  error's  of  Bossert's  cphemeris,  -|-  15™  in  R.  A. 
and  -\-  3"  in  Decl.,  are  larger  than  was  to  be  expected,  yet  if  one  plots  the 
predicted  path  of  the  Tempcl-Swift  comet  upon  squared  pai)er,  together 
with  the  observed  path  of  Barnard's  comet  d  1891,  the  similarity  is  very 
striking.  No  elements  computed  from  the  recent  observations  have  j'ct 
reached  us.  The  comet  is  very  faint,  but  increasing  in  brightness.  It  is 
almost  round  with  a  slight  condensation  in  the  center.  On  Oct.  21  it  was 
just  visible  in  the  5-inch  finder  of  our  16-inch  telescope.  Its  position  at 
7b  55111  p,  M.  central  time  was  approximately  R.  A.  21"  04™  02";  Decl. 
-f-3°  32'.  During  November  this  comet  will  move  northeast  from  Equulcus 
through  Pegasus.  \Vc  continue  the  cphemeris  of  the  Temjiel-Swift  comet 
which  may  be  used  for  finding  the  new  comet  by  suhtracting  about  14™  in 
lid  4°  in  Decl. 

Ann.  Decl.  log  J  Light. 
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4-  29  49  93223  18.06 
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A. 
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22  52 
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45 

45 

Current  Celestial  Phenomena. 


469 


Comet  e  1891  (Barnard  Oct.  2).  The  second  comet  was  discovered  by 
Mr.  Barnard  on  the  morning  of  Oct.  3  in  R.  A.  1^  31"'  24';  Decl.  —  27^  54', 
and  is  described  as  a  bright  comet.  It  was  moving  rapidly  southward, 
and  is  already  out  of  range  of  northern  observers.  The  comet's  position 
was  determined  at  Lick  Observatory  on  Oct.  3,  4  and  5,  and  an  orbit  was 
at  once  computed  by  Mr.  Campbell  and  distributed  b^-  telegraph,  so  that  it 
reached  observers  in  America  on  the  evening  of  Oct.  6.  The  following  are 
Mr.  Campbell's  elements  and  ephemeris: 

T=Nov.  8.75  GR.  M.T. 

oj  =  262=  06'   1 
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WoIPs  Periodic  Comet  is  moving  southwest  through  the  constellation 
Eridanus,  which  is  the  next  southwest  of  the  familiar  constellation  Orion. 
The  comet  is  slowly  receding  from  the  earth  and  sun,  so  that  its  light  is 
diminishing,  but  we  will  be  able  to  follow  it  for  several  months  yet. 

Encke's  Comet  is  out  of  view  behind  the  sun. 


Ephemeris  of  Comet  1891  (WoIPs  Periodic  Comet). 
(Continued  from  page  421.) 
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NEWS  AND  NOTES. 


Maine  is  very  much  like  Minn,  when  carelessh-  written,  hence  our  cor- 
respondents will  please  write  the  name  or  abbreviation  of  our  state  plainly 
and  so  avoid  the  dela\'  or  loss  of  letters.  It  is  also  noteworthy  that  there 
are  almost  as  man3'  Northfields  in  the  United  States  as  there  are  separate 
states,  and  it  is  sometimes  true  that  letters  have  visited  as  many  as  three 
different  Northfields  in  as  many  different  states  before  reaching  the  right 
one. 


Quite  large  space  is  given  to  our  leader  in  this  issue  because  the  paper  is 
deemed  to  be  oi^e  of  the  most  important  that  can  be  brought  to  the  atten- 
tion of  our  readers,  on  account  of  the  careful  and  full  statement  of  principle 
and  method  in  the  use  of  the  spectroscope.  We  do  not  know  of  any  source 
of  practical  information  better  adapted  to  the  wants  of  the  student  and 
worker  with  the  spectroscope  than  this  article  furnishes. 


In  our  last  issue,  Wm.  H.  Knight,  whose  present  address  is  Los  Angeles, 
California,  published  a  pretty  full  list  of  the  telescopes  of  the  United  States 
whose  apertures  were  4  inches  or  gre&ter.  This  heavy  task  was  under- 
taken some  time  ago  at  our  urgent  request,  Mr.  Knight  ver3'  well  knowing 
what  it  meant.  He  did  not  expect  to  get  in  the  first  publication  all  the 
telescopes  that  should  be  in  the  list,  but  it  was  thought  that  such  a  provi- 
sional list  would  serve  to  call  the  attention  of  those  having  instruments 
not  in  the  list  and  that  they  would  most  likely  report  them,  especially  i^ 
urged  to  do  so  in  order  to  secure  an  accurate  table.  Wc  have  already 
received  many  letters  giving  just  the  information  desired  as  far  as  it  goes. 
Now,  if  every  reader  of  these  ])ages.  will  take  the  trouble  to  look  over 
the  table  of  telescopes  published  in  the  October  Messknger,  and  inform 
us  or  him  of  errors  or  omissions  in  it,  we  are  sure  tliatMr.  Knight  will 
esteem  it  a  favor  in  carrying  out  a  piece  of  useful  work  which  he  has 
luidertaken  that  involves  labor  and  personal  expense. 


Xotc  on  the  August  Meteors.  The  August  meteors  were  more  numer- 
ous this  year  than  at  any  previous  return  that  I  have  witnessed,  judging 
from  recollection  alone. 

They  first  became  noticeable  about  July  liTtli,  and  were  persistent  at 
IciiKt  until  August  12th,  the  mrixiniuni  occurring,  August  lOth. 

On  August  Dth,  one  of  these  meteors  of  remarkable  brillianc\'  was  ob- 
Hcrvcd  at  15''  in  the  south.  Its  ])atli,  about  5°  long,  was  vertical.  It  ap- 
Iicarcd  +"  or  r>°  cast  of  Al))ha  Cai)ricorni.  The  ex])losion  of  this  object 
illuminated  the  mountain  for  a  moment  almost  as  bright  as  day.  It  was 
many  times  brighter  than  the  maximum  light  of  Venus.  A  distant  trail 
remained  visible  to  the  eye  for  about  one  minute.  This  was  examined  with 
the  comet  seeker,  and  was  seen  to  twist  and  writhe  into  a  serpentine  form, 
with  numerous  bright  con<lenHJitionH.  It  was  wntchi'd  for  some  time.  In 
passing  over  the  stars,  it  seemed  to  have  no  cflcct  njioii  cither  the  intensity 
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or  steadiness  of  their  light.  (In  speaking  of  this  meteor  train,  I  would  like 
to  call  attention  to  a  paper  of  mine  upon  the  subject  of  meteor  trains  and 
high  atmospheric  currents,  which  appeared  in  The  Sidereal  Messengek, 
Vol.  I.,  pp.  174-180,  since  the  subject  has  been  recently  brought  up 
again  in  The  Messenger  (see  No.  87  for  August,  1890,  p.  329). 

()n  the  10th,  before  midnight,  the  meteors  seemed  unusually  frequent. 
Many  appearing  as  bright  as  2nd  or  3rd  magnitude  stars.  On  this  night, 
a  continuous  count  from  14'»  15.6'"  to  14*"  4,9.0"",  Mt.  Hamilton  M.  T. 
showed  95  meteors;  all  but  seven  of  these  belonged  to  the  Perseid  radiant. 
This  gives  an  hourly  rate  of  160  for  the  observed  Perseids.  The  eyes  were 
kept  fixed  on  the  place  of  a  Persei,  and  onh'  about  one  third  of  the  sky 
was  under  observation.  The  majorit}'  of  the  meteors  were  faint.  The  dis- 
play was  intermittent.  From  one  to  two  minutes  at  a  time  no  meteor 
would  be  seen ;  this  quiescence  would  be  followed  b_v  a  quick  succession  ot 
meteors,  as  many  as  three  being  seen  at  once. 

The  peculiarities  were.  Intensitj'  of  light ;  rapiditj'  of  motion ;  short- 
ness of  path— those  seen  averaging  4°  to  5°.  Each  left  a  train  covering  the 
entire  path  and  persistent  for  nearly  a  second.  Meteors  with  long  trains 
were  seen  in  the  west  before  and  after  this.  During  the  count,  there  did 
not  seem  to  be  so  many  bright  meteors  as  were  visible  in  the  first  part  of 
the  night,  and  at  16''  there  seemed  to  be  a  still  less  number. 

On  the  11th,  fewer  still  were  noticed  and  a  count  from  13''  2'"  to  13'' 
15"'  gave  23  meteors,  or  at  the  rate  of  106  per  hour;  they  were  still  seen 
coming  from  the  radiant  as  late  as  16''  15'". 

On  the  12th  a  few  were  seen  belonging  to  this  shower. 

The  13th  was  cloudv.  E.  E.  Bak.nakd. 

Mt.  Hamilton,  1891,  August  14. 


Distribution  of  the  Moon's  Heat.  Last  month  we  called  attention  to 
the  prize  essay  on  the  distribution  of  the  moon's  heat,  and  its  variation 
with  the  phase,  by  Frank  W.  Very,  Allegheny  Observatory,  Pa.,  but  for 
want  of  space  we  could  only  make  the  merest  reference  to  it.  As  then 
stated  the  essaj'  was  presented  to  the  Utrecht  Society  of  Arts  and  Sciences, 
and  obtained  the  prize  in  the  General  Assembly  of  the  Society,  held  at 
I'trecht  on  the  2d  of  July,  1890.  The  problem  of  the  variation  of  the 
moon's  radiant  heat  with  the  phase,  is  attacked,  in  this  paper,  by  Pro- 
fessor Very,  by  the  aid  of  an  extremely  sensitive  apparatus  known  as  the 
bolometer  and  by  a  novel  method.  The  plan  of  work  was  to  form  an 
image  of  the  moon  of  a  little  more  than  one  and  one-fourth  inches  in  diam- 
eter, by  means  of  a  concave  silvered-glass  reflector  of  11.93  inches  diam- 
eter, and  10.29  feet  focal  length,  and  to  measure,  not  the  heat  of  the  whole 
of  this  image,  but  only  that  in  a  limited  portion  of  it,"  from  one-twenty-fifth 
to  one-thirtieth  of  the  area  of  the  ajjparent  disc.  The  observation  being 
repeated  at  different  points  on  the  moon's  disk,  and  at  different  phases, 
gives  the  material  for  a  series  of  maps  showing  the  distribution  of  the  heat 
of  this  image,  and  b\'  summation  the  total  heat,  at  each  of  the  several 
epochs  from  the  first  to  the  last  quarter  of  the  moon. 

TliQ  sensitive  surface  of  the  bolometer  was  about  three-fourths  of  a 
square  inch,  which  was  covered  by  diaphragm  of  white  card  pierced  by  a 
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central  circular  aperture  of  a  little  more  than  one-fifch  of  an  inch  in  diame- 
ter. Connected  with  the  bolometer  is  a  siderostat  by  which  the  image  ot 
the  moon  is  kept  on  the  white  card,  the  image  being  bright  enough  to 
show  much  of  the  detail  of  the  lunar  surface,  so  that  setting  of  the  sensi- 
tive surface  of  the  bolometer  on  any  part  becomes  easy  and  definite.  The 
heat  from  that  fractional  area  of  the  moon's  surface  that  falls  on  the  sensi- 
tive face  of  the  bolometer  is  measured  by  the  deflection  of  the  magnetic 
needle  of  a  sensitive  galvanometer  in  metallic  connection  with  it.  The  ap- 
paratus which  Professor  Very  used  in  this  work  was  sufficiently  delicate  to 
show  a  deflection  of  the  needle  through  nearh*  100  millimeter  divisions  on 
the  galvanometer  scale  when  a  small  area  near  the  center  of  the  full  moon 
was  exposed  to  the  bolometer  for  measurement.  The  constancy  of  an  in- 
strument so  delicate  as  this  would  naturalh-  suggest  itself  to  the  reader's 
mind,  and  information  on  this  point  is  given  in  the  early  part  of  the  paper. 

A  series  of  ten  observations  of  the  radiation  from  a  boiling  Leslie's 
Cube,  with  this  bolometer,  gave  a  mean  deflection  of  34-2.4  divisions  ±  0.6 
divisions  where  the  probable  error  amounted  to  less  than  0.2  of  one  per 
cent.  In  general  it  seems,  that  this  instrument  sensitive  as  it  is,  is  capable 
of  giving  repeated  measures  on  a  source  of  tmchanging  radiation  with  an 
error  less  than  one  per  cent,  of  the  quantit3'  measured.  Of  course,  it  is  not 
meant  by  this  that  the  constant  now  referred  to  does  not  change  in  time, 
that  must  be  expected,  but,  in  this  particular  the  instrumental  errors  are 
known,  or  eliminated  by  a  method  of  standardizing.  It  may  be  added 
here  that  the  bolometer  is  not  primarily  for  absolute  measurement,  yet  its 
indications  may  be  transformed  into  units  of  ordinary  measure  whenever 
desired.  For  example,  in  this  research  one  millimeter  division  of  the  gal- 
vanometer scale  corresponded  approximate!}'  to  a  radiation  of  about 
0.000004-  small  calories  per  minute  on  the  face  of  the  bolometer,  of  which 
only  about  one-sixth,  or  0.0000007  calories  was  retained  by  the  bolometer 
strips.  By  small. calorie  is  doubtless  meant  the  amount  of  heat  necessary 
to  raise  the  temperature  of  one  gram  of  water  one  degree  centigrade.  The 
"  solar  constant "  of  heat  thus  figured  would  be  the  number  of  these  smalt 
calories  received  per  sr|uare  centimeter  of  solar  surface  in  a  minute  of  time. 

This  pajjcr  next  discusses  the  geometrical  rejjresentation  of  distribution 
of  heat  in  the  lunar  image,  and  an  algebraic  form  of  four  terms  is  derived, 
the  first  representing  the  varying  radiation  from  the  briglit  jjath  of  the 
moon  which  it  is  desired  to  measure,  another,  the  radiation  from  sjiace 
which  always  has  the  negation  sign  and  other  terms  to  represent  radia- 
tions of  parts  of  the  instrument  and  the  dark  part  of  the  lunar  disc.  In 
the  use  of  this  matlicmatical  exjircssion  it  is  a  jirofitablc  stud\'  to  see  how 
the  author  applies  its  terms  to  ol)tain  an  indc])en«U'nt  measure  of  the  heat 
radiation  of  parts  of  the  lunar  surface  desired.  The  astronomical,  mcteor- 
oro^ical  and  instrumental  data  used  in  this  work  extend  over  a  ]X'riod 
from  Jan.  12,  18H'.)  to  April  15,  IKHl).  From  a  reduction  of  these,  seven 
maps  were  prepared  showing  heat  contour*  of  ef|uiil  temi)erature  on  the 
lunar  surface  for  particular  phases, the  whole  disc  of  the  moon  being  repre- 
Hcntccl  by  a  circle  nbont  <;if..iw«  in  ilinin«'t<T.  'i'lir  followiii'j^  fitinl  (,it»)<>i« 
of  i)«culinr  interest ; 
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The  author's  final  words  fittingly  close  this  review : 

"This  table  shows  conclusively,  first,  that  visible  rays  form  a  much 
larger  proportion  of  the  total  radiation  at  the  full  than  at  the  partial 
phases,  the  maximum  for  light  being  much  more  pronounced  than  that  for 
the  heat. 

Next,  as  has  been  foreseen  from  the  eccentricity  of  the  heat  areas,  their 
greater  extension  toward  the  western  limb,  and  the  greater  steepness  of 
the  sunset  than  of  the  sunrise  gradient,  the  diminution  of  heat  from  the 
full  to  the  third  quarter  is  slower  than  its  increase  from  the  first  quarter  to 
the  full. 

Finally,  there  is  a  fair  agreement  between  these  results  and  those  of 
Lord  Rosse  which  extends  even  to  some  minor  details  such  as  the  attain- 
ment of  the  highest  heat  a  little  before  the  full.  This  deviation  of  the  maxi- 
mum from  strict  symmetry  is  probabh'  real,  and  is  jjerhaps  attributable  to 
the  greater  proportion  of  bright  areas  in  the  western  half  of  the  moon,  the 
brighter  parts,  as  we  have  learned,  giving  a  larger  radiation  under  a  high 
sun,  than  the  dark.  It  is  possible  that  this  effect  is  reversed  with  a  low 
sun,  the  dark  parts  radiating  more  than  the  bright,  and  that  the  greater 
heat  of  the  lunar  afternoon  may  be  due  less  to  a  retention  of  heat,  than  to 
the  greater  darkness  of  the  region  exposed  to  view  at  that  time.  That 
there  must  be  some  retention  of  heat  by  the  substances  of  the  lunar  sur- 
face, cannot,  however,  be  doubted  in  view  of  the  contra^  in  the  heat  of 
polar  and  equatorial  regions  under  identical  illumination,  which  has  been 
described  in  connection  with  the  observations  of  April  loth. 

Previous  investigations  have  dealt  with  the  heat  produced  b\'  the 
radiation  from  the  entire  moon,  but  the  method  pursued  in  the  present 
research  has  been  to  studj'  the  thermal  effect  of  small  portions  of  the  lunar 
disc,  thereby  eliciting  many  new  facts  concerning  the  distribution  of  heat 
in  the  moon  and  its  variation  through  the  lunar  day  for  each  of  these  cir- 
cumscribed regions.    The  relative  radiations  of  dark   and  bright  surfaces 
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under  high  or  low  sun,  and  of  high  and  low  latitudes,  in  the  lunar  morn- 
ing, afternoon,  or  noon,  have  thus  been  measured,  and  the  accompanying 
maps  present  (it  is  believed  for  the  first  time)  a  picture  of  the  distribution 
of  heat  on  a  planet,  where  seasons  and  the  climatic  influences  of  land  and 
water  must  be  unknown." 

Students^  Astronomical  Observatory  of  the  State  University  of  Iowa, 
The  following  description  of  the  Students'  Astronomical  Observatorj' 
recently  established  at  the  State  UniversitA-  of  Iowa,  has  been  furnished  by 
Professor  L.  G.  Weld,  under  whose  direction  the  new  observatory  has  been 
erected  and  equipped : 

The  Students'  Observatory  building  is  situated  upon  the  University 
Campus  and  comprises  an  upright  twelve  feet  square,  and  a  wing  ten  by 
twelve  feet.  The  upright,  which  accommodates  the  equatorial,  is  sur- 
mounted bA'  a  turret  twelve  feet  in  diameter,  which  rolls  with  great  ease  on 
ten  lignum  vitas  balls.  This  turret  is  of  the  cj-lindrical  form  and  is  covered 
with  galvanized  iron. 

The  wing,  in  which  the  transit  instrument  is  mounted,  is  provided  with 
a  clear  opening  twentj*  inches  wide  from  north  to  south. 

The  building  rests  upon  a  solid  stone  foundation  and  is  heavily  framed 
of  thoroughly  seasoned  and  dressed  timbers. 

Both  equatorial  and  transit  are  mounted  upon  insulated  piers  of  stone 
and  brick  laid  in  cement  and  sunk  six  feet  into  the  ground. 

The  Grubb  equatorial  telescope,  which  has  been  moved  from  the  old 
brick  Observatory  to  this  more  convenient  location,  is  of  five  inches  aper- 
ture, seventy-seven  and  one-half  inches  focal  length,  and  is  furnished  with  a 
driving  clock,  circles,  etc.  It  has  recently  been  refinished  throughout  by 
Mr.  M.  E.  Kahler  of  Washington.  While  in  his  hands  the  objective  was 
"re-worked,"  a  position  micrometer  with  illumination  by  electric  light,  a 
helioscope,  a  direct-vision  spectroscope,  and  a  diagonal  prism  were  added, 
and  the  slow  motions  and  clamjis  brought  down  to  the  eye  end.  The 
mounting  is  very  rigid  and  the  telescope  is,  for  its  size,  a  thoroughly  effi- 
cient instrument. 

The  transit,  by  Wm.  Wiirdcmann  of  Washington,  is  of  one  and  seven- 
eighths  inches  aperture  and  twenty  inches  focal  length.  It  is  an  excellent 
little  instrument. 

Time  is  kept  by  a  Seth  Thomas  clock  and  a  Bond  chronometer. 

A  four-inch  portable  equatorial  by  Fitz,  and  a  prismatic  sextant  and 
artificial  horizon  by  I'istor  and  Martins,  also  belong  to  the  Observatory. 

A  small  chronograph  has  been  ordered  from  Fautli  &  Co. 

Our  object  has  been  simply  to  establish  an  Observatory-  which  will  meet 
the  rc(|uircmcnt8  of  students  in  astronomy.  I.,,  g.  w. 

Iowa  City,  Iowa,  October  8th,  1891. 


Black  Transit  of  Jupiter's  III  Satellite.    On  the  evening  of  Sept.  24,  I 
witnessed  what  appeared  to  be  a  "black  transit  of  Jupiter's  III  Satellite. 

h.  o.  w. 

Erratum,    On  page  407,  No.  98  of  The  ME88KNGKR,in  place  of  \-  road  r, 
nnrl  in  place  ol  r  read  v. 
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Professor  Frank  H.  Bigelow  of  the  Nautical  Office,  Washington.  D.  C, 
has  been  assigned  to  the  study  of  cosmical  and  terrestrial  magnetism,  in 
its  relations  to  meteorology,  in  connection  with  the  U.  S.  Weather  Bureau, 
Department  of  Agriculture,  Washington.  His  work  will  be  facilitated  by 
the  aid  of  publications  on  the  subjects  of  solar  and  terrestrial  physics  and 
meteorology.     Professor  Bigelow  will  be  a  strong  man  in  this  new  place. 


Regarding  my  list  of  telescopes  published  in  your  October  issue  I  beg 
to  submit  the  following  criticism  made  by  Mr.  J.  A.  Brashear. 

..."  First,  you  say  the  Clarks  are  now  grinding  an  object  glass  of 
40  in.  Now  the  facts  are,  there  has  never  been  any  contract  made  for  th(; 
glass  and  only  one  disc  is  in  the  shop  of  the  Clarks— in  the  box  as  it  came 
from  Mantois.  Only  $50,000  has  been  subscribed  and  that,  I  think,  on  con- 
dition that  the  balance  to  build  the  mounting,  Observatory,  and  road  to 
the  top  of  Mt.  Wilson,  estimated  to  cost  $500,000  [should  be  subscribed]. 
.  .  .  Then  they  might  have  to  wait  ten  years  for  the  mate  of  the  disc,  for 
Mantois  told  me  in  Paris  when  I  saw  the  lump  of  glass  from  which  the  disc 
was  made  that  it  was  a  stroke  of  good  fortune  to  get  such  a  disc,  but 
while  he  hoped  to  get  a  mate  to  it,  it  was  a  matter  of  great  uncertainty." 

"Second,  you  quoted  Smithsonian  Physical  Observatory  as  having  a 
20  in.  Grubb  Refractor  while  the  facts  are  the  instrument  was  a  20  in.Grubb 
Siderostat,  the  great  mirror  of  which  (flat)  was  made  at  our  place.  Prof- 
fessor  Laugley  has  a  20 in.  mirror  of  90  ft.  locus  and  a  20  in.  mirror  of  one 
metre  focus  which  were  made  at  our  place  for  special  work  in  Professor 
Langley's  determination  of  unselective  absorption  of  solar  energy." 

Mr.  Brashear  also  calls  my  attention  to  the  fact  that  1  did  not  include 
in  my  list  some  telescopes  with  upwards  of  6  in.  aperture.  But  the  heading 
of  my  table  "Some  Telcsco]x;s"  shows  that  I  was  aware  that  my  list  was 
not  complete.  W.M.  H.  Knight. 


A  Non-Interfering  Break-Circuit  for  Clocks.  In  the  application  of  the 
electric  break-circuit  to  clocks  not  provided  with  the  gravity  escapement, 
there  appears  to  be  some  prejudice,  on  the  score  that  it  may  sligntly  inter- 
fere with  the  performance  of  the  clock,  and  that  it  is  not  desirable  for  the 
clock  itself  to  do  anything  in  the  way  of  "key  manipulating."  The  follow- 
ing arrangement  experimented  with  by  the  writer  appears  t<j  do  away 
with  this  objection.  A  microphone  is  made,  consisting  of  a  piece  of  arc 
amp  carbon  about  four  inches  long,  and  pointed  at  the  ends,  loosely  held 
between  two  small  pieces  of  carbon  with  recesses  to  contain  the  ends  of  the 
larger  piece,  the  whole  to  be  mounted  on  a  base  of  seasoned  wood  and  fas- 
tened to  the  side  of  the  interior  of  the  clock  case  as  high  as  convenient,  the 
higher  the  better,  and  with  the  longer  carbon  vertical.  Some  form  of  grav- 
ity battery  is  then  connected  up  with  the  microphone  and  a  relay ;  and 
great  care  is  to  be  taken  that  any  splices  in  the  wire  are  well  scraped 
twisted   and  soldered,  and  further  that  all  connections  are  firmly  made. 

The  armature  of  the  relay  is  to  be  so  adjusted  that  it  approaches  the 
magnet  cores  as  closely  as  possible  without  touching,  say  one-thousandth 
of  an  inch;  and  its  play  must  be  vanishingly  small.  The  adjusting  spring 
is  now  to  be  strained  up,  and  if  the  relay  cannot  be  made  to  break  with  the 
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clock  beat,  the  battery  must  be  diminished  by  a  cell,  or  a  stronger  spring 
used  ;  in  anj'  case  quite  a  tension  on  the  spring  is  necessar3\ 

All  the  conditions  being  properh-  fulfilled  it  will  be  found  that  the  relay 
breaks  in  exact  iniison  with  the  beats  of  the  clock,  and  this  fact  may  be 
taken  advantage  of  to  compare  for  difference  of  personal  equation  in  the 
two  cases  where  the  eye  and  ear  and  chronograph  methods  are  used.  It  is 
to  be  noted  that  no  part  of  the  line  wire  is  to  be  outside  of  the  Observa- 
tor3',  or  subject  to  any  possible  swaying  contact,  and  it  would  be  well  for 
all  wires  to  be  covered  and  paraffined.  F.  G.  Blinn. 

East  Oakland,  California. 


Origin  of  Comets.  In  a  recent  letter,  W.  H.  S.  Monck  cf  Dublin,  Ire- 
land, calls  attention  to  some  points  of  interest  about  the  origin  of  comets. 
It  will  be  remembered  that  Professor  Newton  of  Yale  University,  some  time 
ago,  examined  the  theory  of  Laplace  in  regard  to  the  origin  of  comets,  and 
decided  that  that  noted  author  was  right  in  concluding  that  these  erratic 
bodies  are  visitors  from  extended  space,  instead  of  being  members  of  the 
solar  family  in  the  matter  of  origin  as  was  claimed  by  Kant's  theory. 
One  particular  fact  that  weighed  in  this  judgment  was  the  large  prepon- 
derance of  those  comets  whose  orbits  have  high  inclinations  as  compared 
to  the  ecliptic.  Mr.  Monck  remarks  that  on  examining  Kleiber's  orbits 
this  preronderance  disappears,  and  the  theorj'  of  Kant  seems  to  be  indi- 
cated by  the  meteoric  orbits  if  computers  have  correctly  represented  them. 


Comets  Swift  and  Wolf  Under  date  of  October  14-,  E.  E.  Barnard  of 
Lick  Observator\- writes:  "I  have  secured  some  good  positions  of  Swift's 
Comet  which  I  rediscovered  Sept.  27.  It  was  so  far  from  its  ephemeris 
place,  that,  at  first,  I  was  uncertain  whether  or  not  it  was  the  long-ex- 
pected comet  for  which  I  had  made  careful  search  for  over  three  months." 
Mr.  Barnard  also  speaks  of  observations  of  Wolfs  Comet  as  it  passed  over 
some  of  the  stars  of  the  Pleiades.  He  says  Mr.  Burnham's  measures  show 
a  slight  change  in  ^'',  in  measuring  the  diflercnce  of  declination  of  21  As- 
terope  and  22  Asteroj)e  at  nearest  approach  by  the  aid  of  the  BG-inch  re- 
fractor. Does  this  indicate  a  refraction  of  the  star's  light  as  it  passes 
through  the  comet? 

Fog  Bow.  On  the  morning  of  August  31,  eight  minutes  before  seven 
o'clock,  a  fog  bow  was  seen  at  Northfield,  Minn.  Its  highest  point  was 
nearly  west  and  about  30°  in  altitude,  and  its  general  width  was  about 
5°.  There  was  a  little  of  the  reddish  brown  color  near  the  horizon  on  the 
outer  edge.  Ten  minutes  later  the  whole  bow  was  brighter  and  better 
defined.  On  the  inside  of  the  curve  was  a  dark  band  about  three  degrees 
wide.  There  were  trees  30()  feet  away  in  the  direction  of  the  hori/on,  and 
the  color  was  seen  on  them  for  tlie  whole  width  of  the  bow  wliich  was  at 
this  lime  about  eight  degrees,  nppnrenti}',  and  a  l)lucish  shade  was  the 
color  of  the  inner  border,  while  the  outer  wns  a  stronger  red.  It  was  also 
noticed  that  this  belt  of  color  could  be  traced  on  the  ground,  at  most 
favorable  times,  from  the  foot  of  the  bow  on  each  side  nearly  to  the  jmint 
wlwf  • !— '.i>>-<' <■,.,  v(,,»k|.     Milt  n  stii.'ill  i>'trt  ioii  of  the  circle  was  wanting; 
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a  part  of  it  appeared  to  lay  on  the  ground,  the  remainder  on  the  haze  of  the 
sky,  and  the  oljserver  in  the  circumference.  The  cause  of  the  bow  was  the 
light  of  the  sun  shining  through  a  fog  (east  of  the  observer)  rising  rapidly 
from  a  broad  valley'  in  that  direction.  The  unusual  thing  about  it  was 
the  appearance  of  the  observer  on  the  circumference  of  the  bow,  when  in 
fact  he   must  have  been  at  the  center  of  the  real  phenomenon. 


Mr.  Blinn's  Mode  of  Time-Signals.  Elsewhere  will  be  found  a  sugges- 
tive mode  of  communicating  clock-beats  to  electrical  lines  without  any 
manner  of  actual  contact  with  the  clock  train.  There  is,  doubtless,  more 
in  the  suggestion  than  appears  at  first  sight,  for  Mr.  Blinn  has  tried  it,  and 
therefore  knows  whereof  he  speaks.  The  fact  that  delicate  adjustment 
seems  necessary  to  ensure  constancy'  of  the  service  may  not  prove  so  great 
a  drawback  after  all  when  the  apparatus  is  well  made.  Time  keepers  will 
look  into  this  suggestion  with  interest. 


The  Annual  Parallax  Oeltzen  11677.  Dr.  Julius  Franz,  of  Konigsberg 
has  favored  us  with  a  copy  of  his  work  on  the  annual  parallax  of  Oeltzen 
11677  determined  by  the  aid  of  Konigsberg  helioraeter  and  the  results,  pub- 
lished only  a  short  time  ago,  are: 

7r  =  -f  O'MO  ±  0".01 
In  light  years  29.6  to  36.2 


Yale  University  28-inch  Refractor.  Some  of  our  readers  ma\'  wonder 
that  Mr.  Knight's  list  of  telescopes  should  credit  Yale  University  with  a 
refracting  telescope  of  28  inches  aperture,  when  in  fact  that  institution  has 
no  such  telescope  at  the  present  time.  The  statement  of  the  case  is  sub- 
stantially this:  Fifteen  years  ago,  the  late  Professor  Lyman  purchased  a 
28-inch  disc  by  Chance,  to  be  used  in  making  a  27-inch  lens,  and  that  disc 
is  now  said  to  be  in  Clarke's  safe,  Cambridgeport,  but  the  other  disc  to 
match  it  has  never  been  jjurchased,  nor  has  work  on  the  telescojie  mount- 
ing ever  been  ordered  so  far  as  we  know.  Professor  Lyman  expected  Mr. 
Winchester  to  furnish  the  telescope,  but  that  friend  of  the  University  died 
without  doing  more  than  to  authorize  the  purchase  of  the  single  disc.  In 
the  light  of  these  facts,  it  does  not  seem  fair  to  credit  Yale  University  with 
a  telescope  larger  than  that  of  Princeton,  University  of  Virginia,  or  Har- 
vard College  Observatorj'.  It  certainly  was  not  Mr.  Knight's  intention  to 
do  this  injustice,  or  ours  in  printing  the  table.  There  is  possibly  a  grain 
of  excuse  for  us  in  not  looking  up  this  matter  more  carefully  beforehand, 
when  we  remember  that  the  28-inch  Yale  telescojie  figures  at  the  head  of 
the  list  in  Johnson's  Encyclopedia,  and  in  the  list  given  in  Newcomb's 
Popular  Astronomj',  it  is  named  as  "under  construction"  with  the  Lick 
and  Pulcowa  telescopes. 


BOOK  NOTICES. 


College  .\lgebra.    B\'  Webster  Wells.  S.  B.,  Associate  Professor  of  Mathe- 
matics   in    the    Massachusetts   Institute    of  Technology.     Publishers, 
Messrs.  Leach,  Shewell  &  Sanborn,  Boston  and  New  York. 
In  1890  Professor  Wells  published  a  college  algebra,  very  complete  in 

subject  matter,  and  so  far  as  noticed  in  a  hast^-  review,  in  excellent  ar- 
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rangement  for  class  use  in  college  or  school  of  technology.  The  first  eight- 
een chapters  of  the  book  are  arranged  for  the  convenience  of  those  who 
wish  to  review  that  part  of  algebra  which  precedes  the  subject  of  quadrat- 
ics, and  hence  theoretical  parts  of  the  themes  there  treated  are  purposely 
omitted. 

The  book  begins  in  formal  way  with  the  subject  of  quadratics  treated 
in  the  ordinar\-  waj',  after  which  is  a  good  discussion  of  the  theory  of  quad- 
ratics. Illustrative  problems  follow,  and  a  fuller  consideration  of  how  the 
quadratic  equation  can  be  used  to  solve  examples  involving  equations  of 
higher  degrees.  The  treatment  of  logarithms  and  their  applications  is 
prominent  and  useful  for  aid  to  the  higher  mathematics;  so  also  is  the  sub- 
ject of  probabilitj',  continued  fractions,  series,  determinants,  and  especially' 
the  theory  of  equations.  There  is  also  an  interesting  appendix  giving  a 
demonstration  of  the  fundamental  laws  of  algebra  for  pure,  imaginary  and 
complex  numbers  that  will  attract  the  attention  of  teachers  of  mathemat- 
ics, and  students  curious  to  know  something  of  the  methods  of  reasoning 
and  operations  of  imaginary  numbers. 

Recently  this  book  has  been  bound,  omitting  the  first  eighteen  chapters 
(the  review  part),  presenting  only  the  College  Algebra  proper.  The  pub- 
lishers, as  the}'  always  do,  have  done  their  part  neatly  and  substantially. 


An  Introduction  to  Spherical  and  Practical  Astronomy.  By  Dascom 
Greene,  Professor  of  Mathematics  and  Astronomy  in  the  Rensselaer 
Polytechnic  Institute.  Publishers,  Messrs.  Ginn  &  Co.,  Boston,  pp.  150. 
This  new  book  deserves  the  attention  of  teachers  of  practical,  astrono- 
my, and  also  that  of  stndents  looking  forward  to  extended  stud\'  in  the 
same  branch.  It  will  be  found  useful  because  it  aims  to  give  the  essentials 
in  principle  and  method  concerning  the  more  common  operations  in  practi 
cal  astronomy  in  so  plain  and  direct  a  mtmner  that  a  student  without 
practice  may  easily  start  in  this  kind  of  work  and  soon  gain  confidence  in 
himself  and  his  mathematics  so  as  to  go  on  to  higher  works  and  more  dif- 
ficult topics,  and  master  them  independently.  The  first  chapter  is  con- 
cerned with  definitions  and  spherical  problems  which  are  to  be  performed 
by  the  general  formula;  of  spherical  trigonometry  apjilied  to  the  celestial 
sphere.  In  adapting  the  formula;  to  ready  computation  by  logarithms,  the 
neat  exjjcdicnt  of  the  auxiliarj-  angle  is  used  in  the  same  way  as  is  done  in 
the  standard  works  on  astronomy.  The  proof  that  the  assumptions  of 
these  auxiliary  angles  in  a  given  case  arc  consistent  with  the  notation  used, 
as  exemplified  in  Article  30,  jjagcs  10  and  11,  is  vcr}-  simple,  neat  and 
direct.  The  second  chaj)tcr  considers  the  conversion  of  time  and  the  hour- 
nnglc.  The  relation  of  sidereal  and  mean  solar  lime  is  well  stated,  and  the 
I)rccei)t8  for  the  conversion  of  one  kind  of  time  into  another,  through  the 
aid  of  auxiliary  tables,  is  made  so  i)lain  that  the  beginner  will  not  be  con- 
fiiHcd.  So  much  can  not  l)c  said  of  most  texts  in  use  for  converting  time  in 
the  Obncrvatory.  Chapter  third  discusses  the  transit  instrument,  giving  a 
description  of  the  instrument,  its  adjustments,  and  its  uses  in  observation. 
In  the  latter  part  of  this  chapter,  the  correction  for  transit  observations  is 
given  fully  as  it  ought  to  \k.  The  meaning  of  the  terms  of  the  formula'  is 
fthown  by  n  geometrical  figure,  and  nessel's,  Hansen's  atui  Mayer's  formula' 
nrc  derived  in  t\  way  to  intercHt  the  reader  and  to  give  him  clear  undw- 
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standing  of  the  nature  of  instrumental  errors  and  the  method  of  measuring 
them.  Chapter  four  treats  of  the  sextant,  and  chapter  five  tells  how  to 
find  time  by  this  instrument  as  well  as  by  the  transit  instrument.  Then 
follow  methods  for  finding  the  differences  of  longitude  between  two  places 
by  telegraph,  transportation  of  chronometers,  and  b\'  moon  culminations, 
finding  the  latitude  by  six  different  waj's;  finding  the  azimuth  of  a  given 
line,  and  a  study  of  the  figure  and  dimensions  of  the  earth.  In  an  appendix 
of  thirty  pages  is  found  a  statement  of  the  method  of  least  squares,  and 
tables  of  refraction  and  for  computing  the  reduction  to  the  meridian.  We 
are  sure  this  book  will  fill  a  place  of  felt  need,  and  it  is  commended  on  ac- 
count of  its  merits. 


Woodbridge  School  Essays  Number  One.  Theoretical  Astronomy.  Dy- 
namics of  the  Sun.  By  J.  Woodbridge  Davis.  Published  by  Messrs. 
D.  Van  Nostrand  Company,  1891.    156  pp.  Quarto  form. 

We  have  been  much  interested  in  a  hasty  reading  of  number  one  of  the 
Woodbridge  School  Essays  in  the  line  of  theoretical  astronomy.  A  want 
of  time  for  it  has  prevented  a  careful  study  of  this  number,  as  was  our 
choice  under  more  favoring  circumstances,  yet  we  are  pleased  to  give  our 
impressions  thus  obtained. 

The  order  of  topics  in  this  number  is :  Matter — Gravity— Heat  ;  The 
Outlying  Atmosphere;  The  Quiescent  Atmosphere;  The  Solar  Atmos- 
phere; Planetary  Atmospheres;  Planetary  Magnetism;  Cometary  At- 
mospheres and  the  Index. 

Uifder  the  head  of  matter,  gravity  and  heat,  the  author  begins  by  as- 
suming a  free  body  in  space  supposed  to  consist  of  some  mixture  of  solids, 
liquids  and  vapors  with  some  quantity  of  heat.  A  spheroidal  form,  den- 
sity, temperature,  pressure,  rigidity,  and  other  conditions  follow  from  the 
action  of  its  own  inherent  forces. 

From  knowledge  of  these  forces  it  is  possible  to  form  typical  equations 
and  discuss  the  varying  conditions  of  this  hypothetical  body  in  a  very  di- 
rect and  definite  way,  so  that  the  reader  may  easily  follow  the  develop- 
ment of  the  argument.  This  is  done  under  five  different  forms  represented 
by  the  letters  A,  B,  C,  D,  E.  As  an  illustration  of  the  condensed  form  of 
the  argument  in  its  final  statement  we  copy  that  belonging  to  A: 
Dynamic  Equilibrium — Progressive. 

Vapor  and  mist  descending. 

Heat  <  Gravity. 

/""(r  )  >  /"'"(To) 

[/•"  (r)  >  r"{T)]-''  ■  Condensation.* 

[/"(r)  <  f"  (r)]l^  ;  Limpidity. 

^o.  ™i>  S'o.  increase. 

r,  V,  m\  Q',  I,  are  negative. 

The  meaning  of  the  letters  above  are  respectively: 

Tq,  r,  the  absolute  temperature  of  any  concentric  stratum  of  atmos- 
phere. • 

/",  /"'",  are  functions  of  r. 


*  Limits    are  in   va'lues  of  time  for  conditions  A,  C,  D,    E;    in  values  for  dis 
tance  B. 
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t,  the  time  required  for  a  particle  to  flow  from  the  nucleus  of  the  body 
to  this  stratum. 

r,  is  the  velocit}'^  of  a  particle  of  this  stratum. 

Q  is  the  quantity  of  thermal  energ\'  expended  in  any  time. 

m,,  n/  are  respectively  the  mass  of  the  nucleus,  and  the  quantit}'  of 
matter  vaporized  per  second. 

o"o  is  acceleration  due  to  gravity-  due  to  this  stratum. 

/  is  the  quantity  of  thermal  energy  exfjended  in  molecular  or  atomic 
work. 

This  is  intended  onl\-  to  give  the  merest  outline  of  the  waj'  these  im- 
portant studies  are  carried  forward  b\'  the  author,  and  of  course  will  be 
most  interesting  to  those  who  are  accustomed  to  the  statement  of  argu- 
ment in  this  way  by  mathematical  symbols.  We  have  not  the  space  to 
consider  the  results  reached  by  the  author  in  these  essa3'S,  but  hope  to 
give  full  statements  of  them  later.  We  are  sure  this  work  will  receive  the 
prompt  and  deserved  attention  of  scholars  in  various  lines  of  science. 


Pictorial  Astronomv  for  General  Readers.  By  George  F.  Chambers,  F.  R. 
A.  S.  Publishers:  Messrs.  Whitaker  &  Co.,  2  White  Hart  Street,  Pater- 
noster Square,  London,  England.  1891.  pp.  268.  Price  4  shillings. 
The  writer  of  this  new  popular  book  in  astronomy  is  too  well  known 
to  our  readers  to  need  any  formal  introduction  ;  and  it  does  not  seem 
strange  that  he  should  write  such  a  book  in  view  of  all  the  other  laborious 
and  difficult  work  in  the  line  of  standard  authorship  through  which  he  has 
passed  during  the  last  score  of  3'ears,  for  such  experience  is  the  most  fitting 
school  in  the  world  for  elemental  instruction  in  the  same  things.  The  table 
of  contents  follows  the  order  of  the  author's  higher  works,  beginning  with 
brief  reference  to  the  solar  system,  then  the  sun;  planets  collectively,  indi- 
vidually; the  phenomena  of  eclipses,  occultations  and  transits;  comets, 
meteors,  stars,  clusters  and  nebula?;  and  then  gives  interesting  chapters  on 
the  telescope,  the  sjiectroscope,  as  applied  to  astronomy,  and  the  history  of 
astronomy,  concluding  with  the  usefulnees  of  astronomy.  We  have 
thought  that  chapter  on  the  historj'  of  astrononn-  so  well  considered  and 
presented  that  we  have  copied  it  entire  in  this  issue.  We  also  think  it  a  fair 
sample  of  the  work  done  in  preparing  this  new  book.  Our  readers  will  be 
able  to  judge  of  its  merits  for  themselves.  The  text  is  accompanied  by  134. 
good  illustrations  and  followed  by  tables  of  the  planets  and  satellites,  giv- 
mg  a  large  amount  of  useful  data,  and  by  catalogues  of  celestial  objects 
for  telescopes  of  three  inches  aperture,  clusters  and  nebula?,  and  other  mis- 
cellaneous objects.  

Plane  and  Solid  Geometry.    By  Seth  T.  Stewart,  A.  H.     12mo.    Cloth,  pp. 

416.    Price  by  mail  $1.12.    Publishers,  American  Book  Co.,  Chicago. 

.\mong  the  things  to  attract  attention  in  this  new  book  are  the  facts 
that  each  book  is  preceded  by  a  synopsis  of  its  contents,  the  careful  typo- 
><raphical  arrangement  of  the  page,  the  large  nunilier  of  original  exercises; 
definitions  appearing  as  needed;  theory,  figure  and  demonstration  all  in 
cn«y  sight;  and  that  in  the  solid  geometry  the  figures  are  well  shown  in 
pcr»|K.'ctivc.  The  book  is  in  clear  type  .'ind  tastefully  and  sul)stantially 
iKiund  and  nt  reasonable  price. 

Six  Place  Logarithmic  Tables,  together  with  a  Table  of  Natural  Sines,  Co- 
HincH,  Tangents,  and  Cotangents.  Prepared  by  Webster.  Wills,  .\.  B., 
AnHociatc  i'rofcHHor  of  Mathematics  in  the  Massachusetts  Institute  of 
Technology.  Publishers,  Messrs  Leach,  Shcwell  ^;  Sanborn,  Boston 
and  New  York. 
ThcHc  tnblcH  arc  arranged  in  the  tistial  wny,(»n  a  large  open  page,  using 

a  good  figure  for  ready  and  continued  use  by  the  comj)uter.    They  compare 

very  favorably  with  any  nix  ])lMce  figures  wc  know  o(. 
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ANCIENT   AND   MODERN   OBSERVATORIES. 


WINSLOW    UPTON. 


The  building  of  an  Astronomical  Observatory  naturally 
suggests  many  queries  relative  to  its  construction  and  equip- 
ment, and  the  work  to  be  carried  on  within  its  walls.  The 
peculiar  form  of  the  structure  with  its  revolving  dome,  and 
its  strange  instrumental  equipment  distinguishes  it  from  the 
ordinary  buildings  al)out  us.  But  the  Observatory  of  to- 
day is  not  the  creature  of  modern  times.  It  is  A  child  whose 
ancestry  reaches  back  to  the  earliest  days,  just  as  the  science 
to  which  it  belongs  had  its  beginning  long  before  history  be- 
gan to  be  written.  The  fragmentary  records  of  the  very 
earliest  history  cont£4in  snatches  of  astronomical  observa- 
tions, from  which  we  can  learn  something  of  the  science  as 
then  understood,  and  how  it  was  studied  by  primitive  as- 
tronomers. 

Modern  Astronomy  is  the  lineal  descendent  of  the  Chal- 
dean Astronomy  which  flourished  before  Abraham  (who 
was  an  astronomer,  according  to  Josephus)  left  Chaldea  for 
the  land  of  Canaan.  It  uses  to-day  many  of  the  symbols 
and  the  arbitary  conventions  of  that  time,  such  as  the  divi- 
sion of  the  circle  into  degrees  with  60  as  the  unit  for  subdi- 
visions, the  signs  of  the  Zodiac,  the  division  of  the  year  into 
twelve  months,  with  the  subdivision  of  the  month  into  the 
week  of  seven  days. 

Primitive  Astronomy  was  at  first  observational.  The  as- 
tronomer, without  instruments,  simply  noted  the  varying 
positions  of  the  heavenly  bodies,  and  pondered  upon  their 
explanation.     Then  a  few  simple  instruments  were  invented 
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and  their  installation  upon  the  ground  or  upon  some  build- 
ing formed  the  first  equipped  Observatory'.  The  aim  of  the 
science  was  two-fold ;  to  stud\'  the  movements  of  the  heav- 
enW  bodies  in  order  to  understand  and  account  for  them, 
and  to  stud^'  them  in  order  to  determine  their  influence 
upon  human  welfare.  Astrology  and  astronomy  were  one, 
the  former  furnishing  a  large  part  of  the  incentive  for  as- 
tronomical labors,  and  though  the  ties  binding  them  were 
gradually  loosened  with  advancing  years,  their  divorce  was 
not  accomplished  until  the  17th  century  of  our  era.  Kepler 
and  Tycho  Brahe  were  both  astrologers  and  astronomers. 
The  motive  for  study  supplied  by  the  attempt  to  foretell  hu- 
man destiny  by  the  configurations  and  movements  of  the 
heavenly  bodies,  was  very  much  like  that  furnished  by  the 
working  liA'potheses  of  modern  science,  and  was  productive 
of  valuable  records  by  which  the  true  science  of  Astronomy 
was  advanced. 

Many  of  the  early  Assyrian  cities  had  watch-towers  from 
which  the  heavens  could  be  scanned,  and  these  were  the 
primitive  observatories.  If  we  assume,  as  is  done  by  many 
scholars,  that  these  towers  were  often  identical  with  the 
tower  temples  of  these  cities,  we  may  picture  to  ourselves 
the  appearance  of  a  Chaldean  Observatory. 

Herodotus,  describing  the  temple  of  Bel  at  Babylon,  as 
(juoted  by  Perrot  and  Chipiez,  says :  "In  the  middle  of  the 
precinct  there  was  a  tower  of  solid  masonry,  a  furlong  in 
length  and  breadth,  upon  which  was  raised  a  second  tower, 
and  on  that  i\.  third,  and  so  on  up  to  eight.  The  ascent  to 
the  top  is  on  the  outside,  by  a  path  which  winds  round  all 
the  tower."     [I.  p.  369]. 

The  remains  of  a  tower  recently  excavated  near  the  ruins 
of  Nineveh,  and  called  the  "  Khorsabad  Observatory^  "  indi- 
cate a  solid  tower  built  of  sun  dried  brick  which  consisted 
of  seven  stjuare  towers  one  above  the  other,  each  smaller 
than  the  one  beneath.  It  was  about  140  feet  square  at  the 
base  and  140  feet  high  and  was  ascended  by  an  inclined 
plane  running  around  the  sides  of  the  tower.  On  its  sum- 
mit was  probably  a  temple,  for  the  i)rime  object  of  the 
structure  was  religious,  and  here  too,  may  hrtvc  been  made 
some  of  those  observations  whose  records  have  been  deci- 
phered upon  the  tablets  constituting  the  royal  libraries. 
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As  an  illustration  of  these  records,  I  quote  the  following, 
kindly  translated  from  the  tablets  in  the  British  Museum  by 
Rev.|R.  H.  Ferguson,  a  graduate  of  our  University: 

"The  sixth  day  of  Nisan.  The  day  and  the  night  were 
equal.  Six  kasbu  to  the  day.  Six  kasbu  to  the  night. 
May  Nebo  and  Merodack  unto  the  king  my  lord  be  propi- 
tious." 

"On  the  twenty-ninth  day  watch  we  kept.  The  Observa- 
tory was  filled  with  cloud.    The  moon  we  did  not  see." 

The  instruments  of  this  time  were  of  two  kinds:  The 
gnomon  or  simple  pillar  whose  shadow  cast  by  the  sun  gave 
by  its  direction  and  length  an  indication  of  the  sun's  place  in 
the  sky,  and  various  combinations  of  arcs  of  circles  with 
"sights"  upon  them  so  that  angular  distances  could  be 
measured.  The  obelisk  and  the  armillary  sphere  were  the 
successors  of  these  early  instruments  in  the  mediaeval  period. 
In  modern  times  the  clock  and  the  transit  instrument  take 
the  place  of  the  gnomon,  the  arcs  of  circles  are  still  used,  but 
the  telescope  is  attached  to  them  instead  of  the  simple 
"sights"  which  they  carried. 

Such  was  the  patriarchal  Observatory  of  4,000  years  ago. 
Should  it  look  to-day  upon  the  adjoining  building  it  might 
not  at  first  recognize  its  offspring,  but  it  would  do  so  at 
very  short  acquaintance,  and  would  greet  the  newborn  babe 
with  paternal  affection. 

As  the  centuries  advanced,  the  aim  of  astronomical  science 
was  quite  single,  and  the  pursuit  of  the  science  was  almost 
wholly  dominated  by  it.  This  was  to  discover  what  were 
the  true  movements  of  the  heavenly  bodies,  as  deduced  from 
the  rather  complicated  movements  seen  by  us.  The  obser- 
vatories devoted  their  energies  to  noting  the  positions  of 
the  heavenly  bodies,  using  instruments  similar  to  those 
described,  and  the  astronomers  tried  to  represent  these  dif- 
ferent positions  in  a  system.  Their  efforts  were  wonderfully 
successful,  and  the  old  Ptolemaic  system  was  able  to  ac- 
count for  all  the  planetary  movements  in  spite  of  its  two 
assumptions  that  the  earth  was  at  the  centre  of  the  system, 
and  that  all  the  planets  must  move  in  circles  (not  ellipses) 
about  it  and  with  uniform  velocity.  When  doubt  was 
thrown  upon  the  truth  of  this  system,  which  had  become 
more  complicated  as  observations  became  more  refined,  and 
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when  new  theories  were  advanced  to  form  bases  for  new 
systems,  the  question  was  settled  by  the  observations  of  the 
Danish  astronomer,  Tycho  Brahe,  which  were  discussed  by 
the  great  master  Kepler,  and  from  them,  the  true  system 
discovered.  The  Observatory  of  T\'cho  Brahe  deserves  more 
than  passing  mention  because  of  its  historical  importance 
in  this  respect,  and  because  it  was  the  best  as  well  as  the 
last  of  the  mediaeval  observatories,  which  were  equipped  be- 
fore the  telescope  was  invented. 

It  was  erected  on  the  little  island  of  Hveen,  14  miles  north 
of  Copenhagen,  and  was  a  A^er}'  curious  structure  probably 
built  of  brick  with  sandstone  ornaments. 

It  would  be  difficult  to  describe  it  without  a  drawing,  but 
it  may  be  roughly  imagined  as  a  square  house  2^2  stories 
high,  flanked  on  all  four  sides  by  towers  which  did  not  rise 
to  the  height  of  the  house,  and  surmounted  by  a  pavilion 
having  a  dome,  above  which  was  a  spire  and  vane.  The 
towers  on  the  east  and  west  walls  were  small,  and  attached 
to  the  house  like  baj'^  windows  with  ornamental  spires  for 
roof,  but  the  two  towers  on  the  north  and  south  were  cir- 
cular and  covered  each  with  a  pyramid  for  a  roof,  whose  tri- 
angular faces  were  removed  when  observations  were  made. 
There  were  two  smaller  towers  beyond  these  and  two 
others  upon  the  roof  of  the  main  building  with  domes  for 
roofs  flanking  the  large  pavilion.  Galleries  were  built 
about  each  tower,  so  that  the  whole  structure  was  very 
uniciue  in  outward  appearance.  Within  were  rooms  for  the 
residence  of  the  astronomer  and  his  family,  for  students  and 
observers,  besides  a  library  and  chemical  laboratory.  Of 
the  nine  towers  or  domes,  the  four  on  the  north  and  south 
contained  the  chief  instruments. 

The  instruments  of  the  Observatory  consisted  of  various 
combinations  of  circles  or  arcs  of  circles,  and  of  triangles 
for  measuring  angles,  for  the  sole  work  of  the  Ob.servatory 
was  the  locating  of  the  ])osition  of  the  heavenly  bodies  in 
the  sky  as  accurately  as  possible.  The  largest  instrument 
was  a  great  quadrant,— a  large  brass  arc  of  about  7  feet 
radius  fastened  to  the  wall  of  a  room.  The  center  of  the 
arc  was  marked  by  a  hole  in  the  wall  running  at  right  an- 
gles with  that  to  which  the  arc  was  fastened  and  two  move- 
able sights  could  be  made  to  slide  on  the  arc.     The  observer 
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looked  through  one  of  the  sights  on  the  arc  through  the 
hole  at  the  center  of  the  arc  to  the  star  beyond,  and  noted 
the  reading  on  the  graduated  arc. 

Another  instrument  consisted  of  "a  vertical  serai-circle, 
(8  feet  in  diameter)  turning  round  a  vertical  axis  and  fur- 
nished with  a  horizontal  circle  for  measuring  azimuths." 
Another  instrument  was  a  huge  sextant  of  5Vi>  feet  radius 
mounted  on  a  stand.  Another,  the  armillary  sphere,  con- 
sisted of  two  circles  of  steel  inclined  to  each  other  at  the 
proper  angles  to  represent  the  celestial  equator,  and  the 
meridian,  while  a  third  circle  moved  upon  the  axis  of  the 
celestial  equator,  thus  representing  the  various  hour  circles 
of  the  celestial  sphere.  There  were  several  instruments  of 
these  and  other  types,  and  in  them  are  the  germs  of  the  dif- 
ferent methods  now  in  use  for  mounting  telescopes.  Ty- 
cho's  instruments  were  made  in  his  own  workshop  and 
their  special  merit  consisted  in  peculiar  devices  for  reading 
the  angles  as  well  as  in  superior  workmanship,  so  that  his 
oljservations,  which  were  continued  for  twent\'  \'ears,  far 
excelled  any  which  preceded  in  accuracy.  In  his  library  he 
placed  an  immense  globe,  five  feet  in  diameter,  upon  which 
he  marked  the  stars  in  their  true  positions  as  fast  as  he  de- 
termined them,  and  after  twenty-five  years  his  globe  was 
completed.  He  also  constructed  a  second  Observatory,  the 
rooms  of  which  were  under  ground,  with  only  the  roofs 
above  the  surface,  in  order  that  the  instruments  and  observ- 
ers might  be  protected  from  the  wind.  (See  Dreyer's  Tycho 
Brahe). 

Tycho's  observations  were  the  crowning  work  of  the 
whole  era  of  astronom}'.  By  their  aid,  Kepler,  in  the  fol- 
lowing century,  finally  overthrew  the  old  system  of  Astron- 
omy and  led  the  way  for  the  establishment  of  the  new  sys- 
tem upon  the  theory  of  Gravitation  at  the  hands  of  Sir 
Isaac  Newton. 

At  the  same  time  the  telescope  was  invented,  and  the 
modern  Observatory  came  into  being.  The  invention  of  the 
telescope  caused  a  reconstruction  of  the  old  instruments, 
and  made  it  possible  to  make  observations  of  the  positions 
of  the  stars  and  planets  with  greatly  increased  accuracy. 
It  also  opened  the  new  field  of  Descriptive  Astronomy.  It 
showed  at  the  very  first  that  the  sun  has  spots,  that  Venus 
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passes  through  the  same  phases  that  our  moon  does,  that 
the  dark  and  light  spots  on  the  moon  indicate  level  plains 
and  craters,  that  Jupiter  has  four  satellites,  that  Saturn  has 
rings, — in  short,  it  made  a  new  branch  of  the  study,  the  ex- 
amination of  the  appearance  of  the  heavenly  bodies.  This 
studj"  was  pursued  with  ever  increasing  skill  as  telescopes 
were  enlarged  and  improved.  Less  than  a  generation  ago 
the  invention  of  a  new  instrument,  the  spectroscope,  made 
an  additional  extension  of  astronomy,  and  now  the  heav- 
enly bodies  are  studied  with  a  view  to  finding  out  their 
constitution  and  present  physical  condition  as  well  as  their 
movements.  Other  physical  instruments,  such  as  light  meas- 
urers, and  heat  measurers  have  been  added,  and  finalh'  the 
camera  with  the  extra-sensitive  plates  of  modern  photog- 
raphy, has  furnished  a  wonderful  increase  in  the  facilities  at 
the  service  of  the  astronomer. 

The  modern  Observatory  cannot  be  described  by  a  single 
example.  The  aim  of  the  science  is  no  longer  single;  as  its 
resources  have  increased,  so  have  its  aims,  and  now  its  pro- 
fessed desire  is  to  learn  all  that  can  be  learned  of  the  won- 
derful universe  whose  foundations  were  laid  when  only  the 
eye  of  the  omnipotent  Creator  beheld  them. 

No  single  Observatory  pretends  to  devote  its  energies  to 
all  the  branches  of  astronomy,  and  we  must  know  the  pur- 
pose for  which  the  institution  is  designed  if  we  would 
properly  understand  its  equipment.  Some  Observatories, 
like  the  government  Observatories  at  Washington  and 
Greenwich,  devote  the  larger  part  of  their  energies  to  ob- 
serving the  positions  of  the  heavenly  bodies,  calculating  star 
places,  computing  orbits  and  similar  work, — which  is  the 
modern  phase  of  the  old  Astronomy.  Others  cultivate  es- 
pecially the  newer  fields  which  the  introduction  of  the 
methods  of  the  physical  laboratory  have  o])cncd,  as  the 
Observatory  at  Harvard  College,  one  of  the  best  equipped 
in  this  country.  Very  many  have  no  single  aim,  but  pursue 
a  variety  of  subjects  as  occasion  may  suggest.  Then  not  all 
the  observatories  are  devoted  to  research  ;  some  are  designed 
for  instruction,  some  for  recreation.  Indeed  it  would  be 
j)Ossiblc  to  arrange  the  observatories  of  the  world  roughly 
into  three  or  four  classes  :  Those  for  research  alone,  those 
for  instruction,  those  which  combine  instruction  and  re- 
Bearch  and  those  which  are  used  for  entertainment  chiefly. 
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In  the  first  class  come  those  which  have  independent  en- 
dowments or  are  supported  by  government  grants,  like  the 
Imperial  Observatory  at  Pulkowa,  Prussia,  the  Lick  Obser- 
vatory and  those  already  named.  Their  equipment  varies 
with  the  nature  of  the  investigations  they  are  carrying  on, 
but  all  have  telescopes  of  large  size  with  other  instruments 
for  special  work. 

In  the  second  class  are  found  those  Observatories  which 
are  attached  to  Colleges  or  Universities.  Not  as  distinct 
departments  for  research  (as  is  the  case  with  the  Harvard 
and  the  Lick  Observatories),  but  to  aid  in  the  astronomical 
instruction.  The  undergraduate  instruction  in  astronomy 
in  our  colleges  has  materially  changed  in  recent  years.  For- 
merly attention  was  bestowed  almost  exclusively  upon  the 
mathematical  side  of  the  science.  Now  a  general  course  in 
astronomy  is  given,  and  technical  courses  follow  for  the 
relatively  small  number  who  wish  to  pursue  them.  In  this 
way  the  laboratory  courses  in  Physics,  Chemistry' or  Biology 
have  a  counterpart  in  the  Observatory  courses  in  As- 
tronomy, while  graduate  instruction  of  a  more  advanced 
character  is  sometimes  oifered,  as  at  the  University  of  Vir- 
ginia and  at  Carleton  College,  Northfield,  Minn. 

In  the  third  class  may  be  placed  many  observatories 
which  are  in  part  devoted  to  instruction,  and  in  part  to  re- 
search, such  as  the  two  observatories  last  named.  The  pro- 
portion given  to  research  and  to  instruction  will,  of  course, 
vary  in  individual  cases,  but  the  best  opportunity  for  ob- 
taining advanced  instruction  is  furnished  at  those  observa- 
tories where  regular  research  is  carried  on  and  where  the 
special  student  is  also  welcomed. 

In  the  fourth  class — those  for  entertainment — are  included 
observatories  which  do  little  or  no  regular  work  either  of 
research  or  of  instruction  but  are  used  for  the  entertainment 
of  friends  of  their  owners.  This  is  no  unworthy  object,  and 
no  pleasanter  evening  can  be  spent  than  with  a  telescope 
enjoying  the  beauties  of  the  universe.  Many  a  professional 
astronomer  knows  less  of  the  detailed  appearance  of  the 
planets,  nebulae,  clusters,  etc.,  than  the  owner  of  some  tele- 
scope who  amuses  himself  with  examining  these  objects  as 
opportunity  offers.  The  proper  attitude  of  an  Observatory 
to  the  entertainment  of  visitors  is  one  of  the  most  perplex- 
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ing  questions  of  the  administration  of  such  institutions. 
The  decision  is  usually  against  such  a  use  of  the  equipment  of 
the  Observatory,  especially  of  one  whose  funds  are  in  trust 
for  research,  because  time  devoted  to  such  purpose,  while  in 
itself  perfectly  laudable,  is  time  taken  from  the  work  of  the 
institution  hour  for  hour,  and  occasions  direct  loss.  Several 
attempts  have  recently  been  made  to  establish  observatories 
for  the  express  purpose  of  instructing  and  entertaining  visit- 
ors. Such  an  institution  exists  in  Berlin  w^here  regular 
courses  of  lectures  are  given  and  where  the  chief  purpose  is 
to  edify  those  who  wish  to  learn  something  of  astronomy. 
A  similar  Observatorv'  has  been  established  in  California, 
the  Chabot  Observatory  at  Oakland,  where  entertainment 
and  instruction  are  placed  at  the  disposal  of  the  general 
public.  Such  institutions  would  be  very  valuable  adjuncts 
to  the  courses  in  a  University  extension  system.  If  estab- 
lished adjacent  to  some  regularU-  equipped  Observatory  the 
two  together  would  unite  in  serving  the  science  of  astron- 
omy, the  University  and  the  community  in  a  very  practical 
and  efficient  way. 

The  Ladd  Observatory  belongs  to  the  second  or  to  the 
third  of  these  classes  of  observatories.  It  is  primarih-  es- 
tablished and  equipped  for  the  students  of  Brown  Univer- 
sity', and  its  first  aim  is  to  furnish  instruction  in  astronomy 
to  those  students  who  wish  to  secure  it.  The  general 
courses  in  astronomy,- taught  as  heretofore  at  the  college, 
will  be  illustrated  by  the  resources  of  the  Observatory. 

Technical  courses  for  undergraduates  will  include  the 
theory  and  use  of  astronomical  instruments  and  advanced 
courses  for  graduates  will  be  open  to  any  who  wish  to 
specialize  still  further. 

The  instruments  jire  examples  of  the  leading  instruments 
of  the  science  at  tlie  i)rcsent  time.  In  the  circular  room 
with  the  revolving  dome  is  the  chief  telescope,  whose 
optical  [)o\ver  and  mecluinical  sup])ort  are  c(|ual  to  any 
telescope  of  its  size.  It  is  of  sufficient  power  for  all  ])ur- 
poscs  of  instruction  and  is  admirably  suited  to  research  be- 
sides, It  contains  the  Ijest  modern  forms  of  eye-pieces  and 
micrometer,  has  improved  attachments  for  its  manipulation 
and  is  further  supplied  with  one  of  the  best  spectroscopes 
ever  constructed. 
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The  eastern  ell  of  the  building  contains  transit  instru- 
ments where  time  observations  may  be  made  for  the  regu- 
lation of  clocks,  or  latitude  determinations  secured.  Two 
standard  clocks  are  enclosed  in  the  masonry  pier  which  sup- 
ports the  telescope;  in  order  to  secure  freedom  from  jar  and 
also  uniformity  of  temperature.  A  chronograph,  by  which 
the  observer  may  record  the  timeof  any  occurrence  by  simply 
pressing  a  telegraph  key,  is  of  special  use  for  refined  observa- 
tions. Several  chronometers  and  sextants  are  used  to  in- 
struct the  student  in  the  astronomical  part  of  navigation, 
while  Meteorology  is  represented  by  a  i-ecording  barometer, 
thermometer,  hygrometer  and  rain  gauge  as  well  as  b^'  the 
ordinary  instruments. 

.  The  general  plan  of  the  equipment  which  the  generous 
donor  has  followed  has  been  to  secure  the  best  of  its  kind  for 
the  purpose  at  hand.  The  instruments  are  adapted  to  re- 
search as  well  as  instruction,  and  it  is  the  intention  to  at- 
tem])t  scientific  work  just  as  far  as  our  resources  will  allow. 

May  this  Observatory  do  its  part  in  diffusing  the  knowl- 
edge which  accumulates  from  the  labors  of  the  astronomer, 
and  may  it  also  have  some  humble  part  in  the  development 
of  the  science. 


NEW  BINARY  STARS,  fi  416,  SCORPII  185. 

^  S.  W.  BITRNHAM. 

For  TiiK   Mksskxckk. 

The  wide  double  star,  H  4935,  was  found  by  Herschel  in 
1837  at  the  Cape  of  Good  Hope,  and  entered  in  the  cata- 
logue of  double  stars  in  the  Cape  Observations.  No  dis- 
tance is  given  and  the  angle  is  stated  to  be  estimated  from  a 
diagram.  In  1876,  while  observing  with  the  6-inch  re- 
fractor, I  came  across  this  pair,  and  at  once  saw  that  the 
principal  star  was  also  double.  At  that  time  it  was  a  very 
easy  pair,  even  at  the  low  altitude  of  this  star  in  latitude  of 
Chicago.  It  was  not  measured  at  this  time,  but  the  angle 
and  distance  were  carefully  estimated  and  these  estimates 
are  of  some  value  in  showing  the  rapid  motion  which  has 
taken  place  during  the  last  fifteen  years.  Two  sets  of  meas- 
ures have  been   made  at  this  Observatorv.     It  should   be 
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remarked  concerning  my  measures  given  in  ^.  N.  2957  that 
the  result  is  a  mean  of  four  nights'  measures.  One  of  these 
measures  was  made  in  1888  and  three  in  1889.  The  first 
made  the  position-angle  some  13°  more  than  the  last  three. 
This  difference  was  assumed  to  be  due  to  errors  of  observa- 
tion, and  therefore  the  mean  was  taken  of  all  the  measures. 
It  is  now  evident  that  this  difference  was  real,  and  due  to 
the  rapid  change  in  the  relative  positions  of  the  stars ;  and 
that  the  measures  of  those  3'ears  should  be  given  separately. 
The  following  are  all  the  measures  to  this  time: 
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It  is  obvious  from  an  inspection  of  these  measures,  laid 
down  on  paper  to  scale,  that  this  change  is  not  the  result  of 
proper  motion;  and  it  is  equally  certain  that  it  is  a  binary 
of  short  period.  A  period  derived  from  these  measures 
would  perhaps  be  too  rough  for  any  useful  purpose,  al- 
though the  minimum  time  could  be  readih'  determined  by 
the  graphical  method,  but  the  measures  of  one  year  more 
should  be  sufficient  to  fix  it  with  reasonable  accuracy.  The 
distance  will  probably  decrease  still  further,  and  it  may  be 
too  difficult  for  accurate  measurements  in  this  latitude.  The 
foregoing  measures  of  mine  were  all  made  with  the  12-inch 
Clark  refractor.  It  was  well  enough  seen  this  year  for  good 
measures,  but  a  decrease  in  the  distance  of  one  or  two  tenths 
of  a  second  would  make  it  a  very  difficult  pair  here.  It  is 
unusual  for  so  wide  a  pair  as  this,  taking  the  average  dis- 
tance to  this  time,  to  have  an  orbital  motion  so  rapid ;  and 
it  suggests  the  possibility  that  this  pair  may  be  much  nearer 
than  most  of  the  pairs  having  cnrrcsi)onding  rohitive 
motions. 

There  seems  to  be  no  evidence  ol  tli.ingc  in  the  place  of  the 
Herschel  star,  but  the  distance  is  much  too  huge  to  niake  it 
l)r()ba])le  that  any  connection  exists  between  this  and  the 
close  pair.  The  measures  are  all  of  very  recent  date,  l)ut  we 
have  the  estimated  .'inglc  of  Herschel  which  is  in  close  agree- 
ment with  the  later  measures. 
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This  star  is  Scorpii  185  =  B.  A.  C.  5825  =  Lacaille  7215. 
The  estimates  of  magnitude  cover  quite  a  wide  range.  In 
B.  A.  C.  it  is  6'";  Gould  6.1;  Washington  Catalogue  7.0; 
and  Stone  (Cape  Catalogue)  7.6. 

The  place  of  this  star  for  1880  is  : 

R.  A.     17"  10'"  47H 
Decl.  —34°  51'   12"j 

It  is  very  desirable  that  observers  in  the  southern  hemi- 
sphere should  follow  the  close  pair,  and  measure  it  each  year 
if  possible. 

Lick  Observatory,  Oct.  24,  1891. 


ADDRESS   AT  THE  DEDICATION   OF  THE  LADD  OBSERVATORY. 
WILLIAM  A.  ROGERS.  * 

I  can  rejoice  most  heartily  with  all  friends  of  Brown  Uni- 
versity upon  the  addition  of  a  thoroughly  equipped  Oberva- 
tory  to  her  educational  facilities.  I  have  noted  with  great 
satisfaction  the  evidences  of  the  skillful  and  intelligent  direc- 
tion of  a  trained  astronomer,  not  only  in  the  general  design 
of  the  building,  but  in  the  special  appliances  and  conven- 
iences which  will  contribute  largely  to  its  usefulness  and  will 
enable  its  director  to  do  the  greatest  amount  of  the  best 
scientific  work  with  the  least  friction  and  in  the  least  time. 
I  cannot  refrain  from  extending  mj^  congratulations  to  my 
old-time  co-worker.  Professor  Upton,  upon  the  fulfillment  of 
long  cherished  plans.  If  I  may  be  allowed,  I  should  be  glad 
also  to  express  my  appreciation  of  the  wise  confidence  of 
the  donor  in  committing  the  general  design  and  equipment 
of  the  building  to  one  who  is  to  be  responsible  for  the  work 
to  be  done  here.  It  is  too  often  the  practice  to  erect  and 
equip  buildings  of  this  character  and  then  appoint  the 
person  who  is  to  direct  its  affairs.    All  this  is  reversed  here. 

*  Professor  of  Astronomy  and  Physics,  Colbj'  Universit\'. 
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I  take  the  greater  pleasure  in  saying  this  because  I  am  my- 
self the  chief  beneficiary  of  a  similar  gift  given  under  similar 
conditions.  When  Colonel  Shannon  gave  the  funds  for  the 
erection  of  an  Observatory  and  physical  laboratory  at  Colby 
Universit\%  he  said:  "You  are  supposed  to  know  what 
you  need;  I  hold  you  responsible  for  the  wisest  possible 
disposition  of  the  funds  at  your  command.  If  the  building 
does  not  meet  your  needs,  you  alone  must  bear  the  blame." 
It  hardly  needs  to  be  added  that  this  broad  commission  was 
accepted  with  great  promptness  and  with  great  thankfulness. 

In  a  cit\'  devoted  to  the  development  of  a  great  number 
and  variety  of  industries,  it  is  very  natural  to  ask,  what  is 
to  be  the  practical  outcome  of  this  large  expenditure?  How 
is  the  building  and  the  equipment  of  this  Observatory  to  be 
justified  in  a  practical  way?  The  utilitarian  view  of  a  ques- 
tion naturallj-  appeals  to  us  the  most  strongly.  I  answer 
then,  that  the  cultivation  of  the  science  of  astronomy 
cheapens  the  production  of  cotton  cloth,  of  woolen  goods, 
of  calico,  of  machinery,  indeed  of  every  staple  product.  Do 
3'ou  ask  how  this  can  be?  I  answer  that  one  of  the  ele- 
ments which  enter  into  the  cost  of  production  is  the  cost  of 
water  transportation.  The  cost  of  water  transportation  de- 
pends on  the  skillful  application  of  the  science  of  navigation  ; 
and  navigation  is  a  branch  of  astronomy.  It  is  true  that 
astronomical  methods  and  astronomical  tables  are  now 
adequate  to  all  the  demands  of  the  practical  navigator,  but 
it  is  not  so  very  long  ago  that  the  proportion  of  the  number 
of  wrecks  to  the  number  of  vesssels  in  the  merchant  marine 
was  largelv  affected  by  the  rudely  approximate  data  u])on 
which  the  position  of  a  vessel  at  sea  was  determined.  Con- 
sider a  single  illustration.  It  is  not  difficult  to  understand 
that  the  profits  of  ocean  steamship  service  depend  largely 
upon  the  skill  with  which  the  chronometer  is  handled  in  the 
determination  of  longitude.  As  soon  as  an  ocean  steamship 
reaches  port,  her  chronometer  is  either  directly  or  indirectly 
committed  to  the  charge  of  an  Observatory  to  have  its  rate 
determined  in  preparation  for  the  next  voyage.  Without 
this  previous  rating,  the  skill  of  the  navigator  in  taking 
siglits  and  in  reducing  his  observations  will  be  of  little  avail. 

Hut  there  is  a  hirger  sense  in  which  an  active  and  well  con- 
flucled  Obscrvafory  ni.'jy  be  a  usclul  adjunct  of  commerce, 
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viz.:  in  shaping  and  elevating  the  character  of  the  men  who 
follow  the  sea  as  a  profession.  Why  should  the  influence  of 
a  college  be  limited  to  the  elevation  of  men  in  the  three 
learned  professions?  Why  should  not  the  influence  of  the 
college  be  felt  upon  every  stratum  of  society  as  an  uplifting 
and  regenerating  power?  This  is  exactly  what  university 
extension  is  attempting  to  do. 

This  college  has  honored  itself  in  accepting  gifts  for  the  es- 
tablishment of  a  Grand  Army  Professorship.  I  do  not 
understand  that  this  has  been  done  as  a  matter  of  charity, 
or  even  as  a  matter  of  obligation,  great  as  that  obligation 
is.  The  purpose  of  this  foundation  I  understand  to  be  to 
educate  a  generation  of  men  who  by  manly  living  shall  serve 
their  country  even  better  than  their  fathers  did  in  dying  for 
it. 

The  Observatory  is  a  distinct  help  to  the  college  in  provid- 
ing facilities  for  special  work  on  the  part  of  advanced  stu- 
dents whose  tastes  lead  them  to  the  pursuit  of  astronomi- 
cal science.  The  younger  generation  of  astronomers  must 
receive  their  first  inspiration  and  their  initial  training  from 
this  source.  Certainly,  what  may  be  called  the  older  school 
of  astronomy,  in  which  the  ability  to  pursue  profound 
mathematical  investigations  is  united  with  practical  experi- 
ence in  observations,  must  receive  its  recruits  from  the 
college  in  which  the  theoretical  and  the  practical  are  recog- 
nized as  equally  important. 

There  is  yet  another  view  in  which  a  well  equipped  Ob- 
servatory may  stand  as  a  potent  factor  in  scientific  work. 
There  is  a  tendency  at  the  present  time  to  insist  that  what 
is  called  the  scientific  method  of  investigation  shall  be  the 
criterion  by  which  all  questions  of  philosophy  and  even  of 
religion  shall  be  settled.  The  various  schools  of  the  higher 
criticism  base  their  plea  for  recognition  upon  this  view.  It  is 
becoming  recognized  that  there  are  divine  laws  in  the  struct- 
ure of  society  as  well  as  in  nature.  Sociology  is  something 
more  than  political  economy.  What  is  meant  when  it  is 
said  that  the  scientific  method  is  alone  competent  to  deal 
with  these  problems  ?  Astronomy  furnishes  a  complete  and 
perfect  answer.  All  astronomical  theories  are  based  upon 
observed  facts.  I  well  remember  the  definition  of  a  theory 
which  Professor  Chase  used  to  give  when  I  was  in  college. 
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He  defined  a  theory  to  be  a  working  hypothesis  which  is 
useful  only  as  an  aid  to  the  interpretation  of  the  facts  of 
observation.  When  sufficient  facts  have  been  accumulated 
to  prove  its  truth  or  its  falsity,  it  is  no  longer  a  theory.  In 
astronomy  we  have  theories  which  have  passed  to  this  sec- 
ond stage  and  have  been  transformed  into  laws  of  nature. 
Thus  the  Copernican  theory  expresses  a  law  of  nature  as 
definitely  determined  by  observation.  We  no  longer  say  the 
theory  of  gravitation,  but  the  law. of  gravitation.  On  the 
other  hand,  the  existence  of  luminiferous  ether  is  still  within 
the  realm  of  theory,  because  observation  has  not  positively 
demonstrated  even  its  reality,  to  say  nothing  of  its  nature. 
The  nebular  hypothesis  is  still  a  theory,  because  it  is  sus- 
tained by  only  a  very  few  observed  phenomena.  An  astron- 
omer's first  duty  is  always  an  appeal  to  observation.  His 
interpretation  of  the  observation  may  be  wrong,  but  the 
observation  will  remain. 

I  do  not  remember  to  have  seen  a  clearer  statement  of  the 
true  scientific  method  than  an  incidental  one  by  George 
Kennan,  in  his  defence  of  the  method  which  he  employed  in 
studying  the  penal  system  of  Russia.  He  says:  "All  that 
fairness  and  impartiality  require  of  the  investigator  in  any 
particular  field  is  that  he  shall  set  forth  conscientiously 
and  in  due  relative  proportion,  and  without  prejudice,  all 
the  significant  facts  which  he  has  been  able  to  gather  in  that 
selected  field,  and  then  that  he  shall  draw  from  these  col- 
lected facts  such  conclusions  as  they  may  seem  to  warrant." 
The  sentiment  here  expressed  breathes  the  true  scientific 
spirit;  and  whatever  the  field  of  investigation,  it  is  the  first 
duty  of  ever3'^  man  who  cultivates  exact  science,  to  resist 
every  departure  from  it.  This  protest  is  made  by  an  as- 
tronomer by  virtue  of  his  profession. 

It  is  {|uite  true  that  the  nature  of  the  facts  sought  varies 
with  every  field  of  research,  and  every  investigfitor  must  in 
fairness  recognize  this  truth.  For  example,  the  nature  of 
the  facts  derived  from  the  observations  by  Wundt  and 
Fechner  in  their  experiments  upon  sensation  are  radically 
different  from  those  which  the  astronomer  seeks.  Especially 
must  the  nature  of  the  facts  sought  be  clearly  defined  in  the 
application  of  the  principles  of  criticism  to  (juestions  of  re- 
ligious Ijclicf,  unless,  indeed,  we  find  it  better  and  more  safe 
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to  agree  with  Pascal  that  it  has  pleased  God  that  the  divine 
verities  should  not  enter  the  heart  through  the  understand- 
ing, but  the  understanding  through  the  heart. 

A  well  equipped  Observatory  established  in  connection 
with  a  college  has,  at  least,  two  distinct  duties  to  perform. 
It  should  be  an  aid  to  the  general  course  of  instruction  in 
astronomy,  and  it  should  undertake  some  spgcial  investiga- 
tion which  gives  promise  of  useful  results.  It  is  a  common 
impression  that  nearly  all  of  the  great  problems  of  astron- 
omy have  been  solved,  and  that  the  minor  ones  are  hardly 
worth  the  eflfort  at  solution.  On  the  contrary,  the  demands 
in  this  direction  were  never  more  pressing  and  the  promise 
of  useful  results  was  never  more  assured,  especially  in  the 
related  fields  of  economic  research.  As  a  single  illustration, 
the  development  of  the  laws  of  climatology  and  its  elevation 
to  the  position  of  an  exact  science  would  affect  the  life  and 
welfare  of  every  human  being  in  the  world. 

But  it  is  not  true  that  all  the  great  problems  of  astron- 
omy have  been  solved.  We  have  only  taken  the  first  step  in 
the  solution  of  the  greatest  problem  of  any  age  concerning 
which  our  knowledge  at  the  present  time  is  so  limited  that 
theories  concerning  it  are  not  much  better  than  guesses.  I 
refer  to  the  motion  of  the  solar  and  the  sidereal  systems  in 
absolute  space.  The  confirmation  of  mathematical  analy- 
sis by  observation  has  reduced  the  theory  of  the  motion  of 
the  planets  and  their  satellites  around  the  sun  to  a  degree  of 
exactness  which  leaves  little  to  be  desired ;  but  who  can  say 
with  any  degree  of  certainty  whether  the  solar  and  the  si- 
dereal systems  are  stationary  in  space,  or,  if  they  are  mov- 
ing through  space,  in  obedience  to  what  laws  this  motion 
takes  place? 

It  is  indeed  true  that  the  present  evidence  is  fairly  conclu- 
sive that  we  are  hastening  with  amazing  velocity  towards 
some  point  near  the  constellation  of  Hercules.  Granting 
that  this  is  true — is  this  motion  in  a  right  line  or  in  a  curve? 
If  in  a  curve,  what  are  its  elements  ?  If  it  is  an  ellipse, 
where  are  its  foci  and  is  this  movement  in  obedience  to  the 
same  laws  as  those  by  which  the  planets  are  carried  for- 
ward in  their  orbits  around  the  sun  ? 

The  first  step  in  the  preparation  for  an  answer  to  these 
questions  has  been  taken  in  the  determination  of  the  exact 
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position  of  all  the  stars  in  the  heavens  down  to  a  given 
magnitude  under  the  auspices  of  the  German  Astronomische 
Gesellschaft.  Several  of  the  principal  Observatories  of  the 
world  have  united  upon  a  common  plan  formulated  by  the 
Gesellschaft  in  executing  this  work,  and  though  the  work 
was  begun  nearly  a  quarter  of  a  century  ago,  it  is  not  yet 
completed.  It  may  be  of  interest  to  state  that  the  northern 
zone  undertaken  by  Harvard  College  Observatory  was  be- 
gun twenty-two  years  ago  on  the  tenth  day  of  November 
next,  and  that  the  Introduction  to  the  volume  containing 
the  results  of  the  observations  was  sent  to  the  printer  only 
a  fortnight  ago.  The  southern  zone  undertaken  by  Pro- 
fessor Pickering  is  progressing  towards  completion. 

I  have  said  that  only  the  first  steps  towards  the  solution 
of  this  great  problem  has  been  taken.  After  a  lapse  of  50 
or  100  years  this  work  will  be  repeated,  and  after  the  cata- 
logue for  that  epoch  has  been  constructed,  the  astronomers 
of  another  generation  will,  by  the  study  of  these  two  great 
catalogues,  be  in  a  position  to  give  an  answer  to  the  ques- 
tion :  "  Whither  are  we  drifting  through  space,  and  under  the 
operation  of  what  laws  does  this  motion  take  place?"  The 
steps  taken  to  solve  this  great  problem  furnish,  it  seems  to 
me,  a  typical  illustration  of  the  true  scientific  method. 

I  do  not  know  what  particular  problem  may  be  taken  up 
by  Professor  Upton;  but  whatever  the  field  chosen,  what- 
ever the  investigation  undertaken,  I  feel  sure  that  this  Ob- 
servatory with  its  magnificent  equipment  will  occupy  an 
honorable  place  in  the  history  of  astronomical  research. 


THE  NEW  AURORA-INCLINOMETER.* 
l'KOI-M5SSOK    FRANK   H.   HU'.KI.OW. 


Magnetic  i)hcn()iiicna,  in  theneighborhood  of  the  surface  of 
the  earth,  derive  their  complex  nature  from  the  superposition 
and  interaction  of  several  distinct  magnetic  fields.  Two  of 
these  have  been  surely  distitiguished,  and  there  may  be  a 
third  and  perhaps  a  fourth  that  yet  remain  to  be  separated. 

•  [Comnuiiiii-iitcd  !)>•  permission  of  the  Superintendent  of  the  U.  S.  C.  tS: 
O,  Survey.] 
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The  first  is  due  to  the  so-called  permanent  magnetism  of  the 
earth ;  the  second  is  generated  by  the  direct  radiant  energy 
of  the  sun ;  the  third  is  theoretically  ascribed  to  the  coronal 
action  of  the  sun ;  the  solution  of  the  problem  of  the  rapid 
variations  of  the  needle  may  lead  to  the  discovery  of  a 
fourth  field. 

It  is  evident  therefore  that  every  resource  of  science  may 
legitimately  be  invoked  to  aid  in  the  separation  of  the  ac- 
tion of  these  fields.  Up  to  the  present  time  the  magnetic 
needle  has  been  our  chief  reliance  in  this  study.  There  are 
however,  very  clear  reasons  for  supposing  that  the  auroral 
streamers  will  add  no  little  evidence  to  the  determination  of 
the  question  ;  likewise  some  other  common  phenomena  may 
possibly  be  called  into  consideration  for  the  same  purpose. 

In  this  paper  it  is  proposed  to  describe  an  apparatus  for 
measuring  the  position  of  the  auroral  streamers  in  space, 
hoping  to  secure  such  data  as  will  admit  of  useful  discus- 
sion. The  instrument  was  construcced  by  the  U.  S.  Coast 
and  Geodetic  Survey  Office,  in  a  very  excellent  manner,  and 
the  courteous  service  thus  rendered  is  heartily  appreciated. 

The  aurora  itself,  as  is  well  known,  tends  to  grou[)s  of  max- 
imum frequency  of  displa^v  around  an  oval  belt,  embracing 
the  magnetic  and  the  geographical  poles,  and  about  the 
plane  which  passes  through  the  magnetic  poles,  whose  posi- 
tion in  space  is  an  hour  and  a  half  behind  the  sun.  The 
direction  of  the  rays  is  said  to  be  parallel  to  the  lines  of  the 
forces  of  permanent  magnetism.  But  this  should  be  tested, 
because  in  the  same  region  the  forces  arising  from  the  ra- 
diant field  make  generally  an  angle  of  say  20°  with  the  first 
field,  and  taking  account  of  the  fact  that  auroral  displays 
and  solar  outbursts  of  energy  are  apparently  responsive, 
we  may  not  go  far  astray  in  saying  that  these  fields  mu- 
tually affect  each  other,  and  that,  therefore,  the  aurora 
rays,  if  not  generated  by  this  interaction  of  tw^o  magnetic 
fields,  at  least  may  be  so  modified  as  to  exhibit,  upon  close 
examination,  some  variation  from  either  tvpe.  Whether 
this  idea  be  wholly  true  or  not,  it  is  worth  while  to  know 
what  relation  these  streamers  hold  to  the  lines  of  magnetic 
force  surrounding  the  earth.  No  mention  is  made  of  the 
influences  from  the  third  or  fourth  fields,  because  the  mode 
of  their  action  is  not  vet  clearlv  conceived. 
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The  Aurora-Inclinotneter. 

This  apparatus  may  be  described  briefly  as  follows,  refer- 
ence being  made  to  the  accompan\'ing  picture  of  it. 

It  is  mounted  upon  the  ordinary  tripod  of  a  theodolite, 
which  is  surmounted  by  a  head  plate  and  levelling  screws. 
There  is  a  fixed  plate  and  a  circle 
divided  on  silver,  an  inner  circular 
plate  revolving  on  the  axis  of  the 
outer  circle,  carries  the  Y  pieces  to 
which  a  telescope  is  usually  attached  ; 
there  are  also  a  tangent  slow-motion 
screw  in  azimuth,  two  verniers,  illum- 
inators and  reading  glasses.  Between 
the  Ys  is  a  circular  level  with  the  nec- 
essary screws  for  its  adjustment.  The 
Y  caps  are  for  our  purpose  removed, 
also  the  telescope  from  the  top  of  the 
Ys,  and  in  the  place  of  them  is 
screwed  the  part  peculiar  to  the  au- 
rora-inclinometer. 

It  consists 
of: 

1.  A  hori- 
zontal b  ed 
plate  36  cm. 
long,  3.7c. m. 
wide  on  the 
upper  surface 
and  4  m.  m. 
thick.  It  is 
stiifened  by  a 
thin  arch- 
shai)ed  rib, 
like  the  keel 
of  a  boat, 
running  from 
end  to  end, 
about  3  cm. 
dee  J)  at  the 
ecu  Ic-r,  t  hi- 
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boundary  meeting  the  plate  near  its  ends.  This  bed  plate  has 
a  shallow  groove  along  the  middle  of  it  leaving  two  smooth, 
brass  tracks  on  either  side,  1  c.  m.  wide,  upon  which  travels 
a  piece  of  brass  6.5  X  5  X  0.8  c.  m.;  this  supports  the  in- 
clinometer itself.  On  the  other  end  of  the  bed  piece  is  fixed  a 
circular  diaphram  2  c.  m.  in  diameter  with  a  hole  in  the 
center,  about  the  size  of  the  pupil  of  the  e\'e.  The  diaphram 
has  two  motions  at  right  angles  to  each  other,  one  produced 
by  the  rotation  about  its  base  of  the  circular  standard  to 
which  it  is  fixed,  and  the  other  on  the  axis  of  two  opposing 
screws,  being  thus  designed  to  meet  a  ray  of  light  from  any 
direction  without  interfering  with  its  direct  transmission. 
On  the  other  end  tiie  block  slides  on  dovetailed  grooves  and 
is  provided  with  a  clamp.  From  its  inner  edge  rises  a  short 
arm  8  c.  m.  high,  carrying  a  small  divided  circle,  11.5  c.  m. 
in  diameter,  having  two  verniers  and  glasses,  also  a  fixed 
level.  The  center  of  this  circle  and  the  centre  of  the  dia- 
phram are  on  a  line  parallel  to  the  surface  of  the  bed 
plate,  and  this  forms  the  base  of  the  triangle  which  essen- 
tially constitutes  the  geometry  of  the  apparatus,  the  ob- 
served point  forming  the  apex,  as  seen  on  the  vertical  scale 
to  be  described.  The  length  of  this  base  is  measured  on  a 
scale  engraved  on  the  bed  that  lies  along  the  plate,  having 
c.  m.  marks  and  a  vernier  for  subdividing  to  millimetres. 

One  other  part  remains  to  be  mentioned.  The  sliding 
piece  carries  from  the  circle  on  one  side  two  small  parallel 
bars,  4  X  3  X  40  m.  m.,  set  11m.  m.  apart  from  each  other. 
They  are  solid  at  the  ends  and  carr3^  a  smooth  taut  wire 
through  the  middle  of  the  opening.  This  wire  passes 
through  the  centre  of  the  circle  at  right  angles  to  the  zero 
line.  Hence  it  may  be  accurately  adjusted  to  the  vertical 
astronomical  plane  of  the  station  by  means  of  the  level. 
The  reading  being  noted  any  angle  made  by  it  with  the 
vertical  plane  can  be  read  on  the  circle.  Along  the  side  of 
one  of  the  parallel  bars  is  a  c.  m.  scale  along  which  slide  two 
vernier  scales  with  fingers  projecting  across  the  opening  at 
right  angles  to  the  thread.  They  can  be  run  up  and  down, 
and  being  placed  for  example  on  the  upper  and  the  lower  ex- 
tremeties  of  an  auroral  streamer,  they  form  the  altitude  of 
the  angle,  referred  to  the  base  line  scale,  which  the  measured 
point  makes  with  the  horizon. 


500  The  Sidereal  Messenger. 


Thus  we  have  the  two  circles  and  two  linear  scales,  one  of 
each  in  the  horizon  and  the  others  in  the  vertical  plane. 
Hence  a  complete  reading  on  any  point  gives  its  location  in 
space,  except  as  to  its  absolute  distance  from  the  observer. 

Recapitulation  of  The  Formulae. 

[See  the  American  Journal  of  Science,  Vol.  XLI,  February,  1891.] 

The  following  formul£e  are  required  in  making  the  reduc- 
tions : 
Represent  by 
O,  The  center  of  the  earth. 

A,  The  station  of  the  observer. 

B,  The  radius  of  the  earth  extended  through  the  effective 
magnetic  pole  to  meet  the  plane  tangent  to  the  earth  at  A. 

C,  The  point  in  the  plane  of  the  horizon  from  which  the 
auroral  ray  springs. 

r  =  the  radius  of  the  earth. 

u  =  the  angle  AOB. 

\v  =  the  angle  AOC. 

S'  =  the  angle  BOC. 

AB=^c,    AC  —  h,    BC-n,    OB  =  c\    OC  =  b\ 

Then 

AB  =^  r  tan  w  =  c.  AC  =  r  tan  vr  =  &. 

OB  =  r  sec  u  =c'.  OC  =  r  sec  \v  =  b^  ^  r\ 

V2{C  +  B)-  90  -  V2A. 

tan  V2(C  -B)  =  ^-^  tan  V2(C  +  B). 

_      c.sin^  ^^_  /{s  —  h'){s  —  &) 

sm  {A  +  B)  ^  s{s  —  a) 

2  cot  S'  =  cot  /. 

Ssin  /sin(A  +  B)  =  JA,  (measured  azimuth). 

wS  cos /cos  \r  =  ^/i,  (measured  altitude). 

tan  /  sin  (/I  +  B)  sec  w  =  jr. 
3        r' 

r'  — rco8(S'  —  -&)  =  height  of  C  above  the  ground. 
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J.4  should  be  corrected  by  the  quantity 

+  Ssin /cos(/l  +  B)  tan '/. 
and  J/j  b3^  the  quantity 

—  S  cos  /  sin  w  tan  h, 
to  reduce  them  to  projection  on  a  plane  perpendicular  to  the 
line  AC,  as  seen  by  an  observer  at  A. 
J.4  is  properly  h  tan  '/,  and 
J/j  is  properh-  h  tan  h,  where 

'/  and  h  are  the  differences  in  azimuth  and  altitude  respec- 
tively of  a  point  on  the  ray  and  the  base  of  the  ray  at  the 
plane  of  the  Jjori^on. 

Method  of  Taking  the  Observations. 

1.  Set  up  the  tripod  and  level  the  azimuth  circle.  Adjust 
the  vertical  circle  by  sighting  the  inclinometer  wire  on  a 
plumb  line  and  reading  for  the  index  error. 

2.  The  geographical  meridian  of  the  station  being  known 
and  the  direction  of  the  magnetic  meridian,  or  the  mean 
declination  of  the  magnetic  needle  east  or  west,  the  azimuth 
readings  of  each  of  these  meridians  are  taken.  Also  give 
the  longitude  and  latitude  of  the  station. 

8.  The  auroral  streamers  present  many  appearances; 
some  being  fairly  steady,  and  some  vibrating.  In  all  cases 
at  a  given  point  in  the  heavens  there  are  direction  lines, 
more  or  less  sharp,  which  radiate  through  the  light  spaces. 
It  is  only  necessary  to  get  this  direction,  and  not  important 
to  measure  any  one  individual  ray.  The  simplest  plan  is  to 
set  the  inclinometer  approximatelv  at  the  proper  vertical 
angle,  then  watch  the  transits  of  the  auroral  lines  across 
the  wire.  By  adjustment  they  can  be  made  to  pass  parallel 
to  the  wire,  and  that  is  the  observation.  At  the  same  time 
set  the  upper  and  the  lower  index  finger  to  the  top  and  bot- 
tom respectively  of  the  rays  as  they  appear  to  the  observer. 

4.  Read  the  horizontal  scale  to  millimeters ;  the  linear 
scale  on  the  inclinometer  for  the  upper  and  the  lower  index ; 
the  az'muth  circle;  and  the  vertical  circle. 

5.  On  a  given  evening  of  observation  it  is  important  to 
take  inclinations  from  the  middle  of  the  arch  in  both  direc- 
tions in  azimuth  towards  the  ends  at  various  well  distrib- 
uted positions.  Those  rays  which  are  most  inclined  will 
furnish  the  most  valuable  data,  but  all  available  inclina- 
tions should  be  included  in  the  observations. 
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6.  The  meteorological  conditions  must  be  noted,  the  bar- 
ometer, the  thermometers  wet  and  dry,  the  direction  and 
force  of  the  wind,  the  condition  of  the  sky  and  the  appear- 
ance of  the  stars.  A  clear  and  precise  description  of  the 
aurora  at  the  time  of  the  observation  should  be  given. 

7.  The  local  mean  time  of  all  the  observations  within  the 
nearest  minute  is  desired. 

Observers  not  having  a  regular  inclinometer  with  them, 
can  yet  obtain  observations  bj-  means  of  a  plumb  line  and 
inclined  rod,  which  with  some  care  may  be  made  sufficientU^ 
accurate  to  be  valuable. 


THE   LADD   OBSERVATORY. 


WINSLOW  UPTON* 

For    TllK    MKSSEN(iKK. 

The  Ladd  Observatory  was  formally  presented  to  Brown 
University  by  the  donor.  His  Excellency  Governor  Herbert 
W.  Ladd,  of  Rhode  Island,  on  October  twenty-first.  The 
purpose  of  the  generous  donor  to  make  this  gift  was  first 
announced'  two  years  ago,  soon  after  his  inauguration  as 
Governor.  For  some  time,  it  had  been  his  intention  to 
make  some  contribution  to  the  resources  of  the  college,  and 
it  took  the  form  of  an  Observatory,  in  accordance  with  the 
suggestion  of  President  Robinson  at  the  Commencement  in 
1889.  Governor  Ladd  did  not  give  a  definite  sum  but 
promised  to  build  and  equip  the  Observatory  and  present  it, 
when  completed,  to  the  University.  The  cfjuipment  was  to 
cost  $10,000,  and  the  building  $10,000,  or  as  much  more  as 
the  donor  might  determine.  A  more  elaborate  building  was 
decided  ui)on  than  at  first  intended,  so  that  the  whole  gift 
of  building  and  e(|uipment  cost  nearly  $30,000. 

The  illustration  shows  the  building  as  seen  from  the 
south-west.  It  is  situated  on  the  summit  of  a  hill  in  a 
sparsely  settled  i)art  of  the  city  of  Providence,  and  is  200 
feet  above  sea  level.  It  is  one  mile  north  of  the  other  col- 
lege buildings.  The  building  is  constructed  of  brick  with 
^1  ««•!<•  trimmings,  except  the  ell  for  the  transit  instrnnu-nls, 
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which  is  of  wood.  The  tower  is  octagonal  up  to  the  second 
floor,  and  cyHn'drical  from  that  floor  to  the  revolving  dome. 
The  following  dimensions  may  be  of  interest :  Main  part  of 
building,  43'  X  27';  transit  ell,  25'  X  15',  with  piers  for 
two  transits;  equatorial  room — inside  diameter  20',  height 
to  base  of  dome,  10'.  The  front  entrance  is  on  the  west, 
and  opens  into  the  octagonal  tower  which  is  largely  occu- 
]3ied  by  the  masonry  pier  supporting  the  equatorial.  The 
central  part  of  the  main  building  is  a  broad  corridor  run- 
ning to  the  transit  ell, ♦which  is  separated  from  it  by  a  small 
iiall  containing  two  side  entrances.  On  the  south  of  the 
corridor  is  one  large  room  for  the  library,  and  on  the  north, 
a  smaller  room  for  a  study  and  computing  room.  The  re- 
maining part  of  the  main  building  is  taken  up  by  the  stair- 
way to  the  ecjuatorial  room  and  a  small  room  for  the  jani- 
tor. There  is  a  half  story  above  the  main  building  which  is 
tivailable  for  storage  purposes.  The  roof  is  flat  and  sur- 
rounded by  a  railing;  a  balcony  extends  around  the  equa- 
torial room.  The  revolving  dome  is  made  of  copper  and 
has  a  slit  covered  by  two  shutters  which  move  sideways  in 
either  direction  giving  an  opening  of  four  feet.  It  was 
made  by  the  Providence  Architectural  Iron  Works.  The 
running  gear  is  a  live  ring,  something  after  the  Grubb  pat- 
tern with  conical  rollers,  and  the  dome  is  turned  by  a  rope 
which  hangs  from  a  wheel  attached  to  the  moveable  dome, 
and  geared  to  the  track  on  the  wall  of  the  building.  By 
this  arrangement  (which  is  found  in  a  few  other  domes)  the 
flxed  windlass  is  done  away  with,  and  the  person  who  turns 
the  dome  is  always  behind  the  opening  and  thus  knows 
when  to  stop  turning.  The  equatorial  pier  is  of  brick  with 
granite  capstone,  and  is  sunk  four  feet  below  the  surface. 
It  rests  upon  a  thick  bed  of  concrete  and  is  packed  with 
sand  on  the  sides.  The  l)uilding  is  warmed  by  the  Gurney 
hot- water  system  which  secures  equability  of  temperature. 

The  chief  instrument  of  the  Observatory  is  an  equatorial 
telescope  of  12.2  inches  aperture  and  15  feet  focal  length- 
The  instrument  was  made  by  G.  N.  Saegmuller,  the  objective 
constructed  by  J.  A.  Brashear.  It  is  one  of  three  recently 
made  by  Mr.  Brashear  from  the  formulae  of  Professor  C.  S- 
Hastings. — the  crown  glass  by  Mantois,  and  the  flint  from 
the  optical   works   at  Jena,  Germany;   the  others  are  the 
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16-inch  of  the  Goodsell  Observatory,  at  Northfield,  Minn.» 
and  the  12-inch  of  the  Kenwood  Physical  Observatory,  at 
Chicago.  The  mounting  possesses  several  noteworthy  char- 
acteristics: the  pillar  is  of  iron  and  cylindriccil ;  upon  it  is  a 
cubical  box  of  iron  containing  the  driving  clock  which  is 
controlled  by  the  Young  governor.  The  pillar  rests  upon  a 
tripod  which  may  be  adjusted  for  altitude  and  azimuth. 
The  tripod  bolts  extend  downward  into  the  masonry  pillar 
for  six  feet  and  are  firmly  embedded  in  it.  There  are  three 
pairs  of  setting  circles; — (1)  the  usual  finely  graduated  cir- 
cles which  are  read  by  microscopes,  the  declination  circle 
from  the  eye  end,  the  hour  circle  from  the  pillar;  (2) 
coarsely  graduated  circles,  the  one  on  the  polar  axis,  the 
other  on  the  edge  of  the  500-lb.  counterpoise  weight  on  the 
declination;  (3)  Saegmuller's  finding  circles,  which  are  at 
the  eye-end  and  operated  by  rods  and  gearing  running 
through  the  tube  to  the  axes.  The  illumination  is  by  one- 
candle  electric  lights.  The  pillar  micrometer  and  eyepieces 
are  also  b}'  Saegmuller,  the  helioscope  by  Brashear. 

The  spectroscope  is  of  especial  excellence  and  was  made  by 
Brashear.  It  is  supplied  with  both  prism  and  grating,  com- 
parison and  reversion  a]jparatus  and  camera  attachment. 

The  clock  room  is  a  chamber  in  the  equatorial  pier,  and 
contains  a  Howard  sideral  clock  and  a  Molyneux  meantime 
clock. 

The  other  instruments  are  a  3-inch  portable  transit,  by 
Saegmuller;  a  smaller  transit-for  students'  use;  Ji  chrono- 
graph, by  Warner  &  Swasey ;  several  chronometers  and  sex- 
tants, a  barograph,  thermograph  and  recording  hygrometer 
by  Richard  Frcrcs;  a  recording  rain  and  snow  gauge,  by 
Ferguson,  and  ordinary  meteorological  instruments. 

The  Observatory  is  designed  ])rimarily  for  the  instruction 
of  students  and  also  for  research.  The  equipment  has  been 
planned  for  a  possible  extension  of  the  latter  as  the  resources 
of  the  01)scrv£»tory  may  allow. 

The  cxerciKcs  attending  the  presentation  were  held  in  a 
tent  atljoining  the  Observatory.  The  Chancellor  of  the  Ihii- 
versity,  Colonel  William  (roddard,  presided  and  made  brief 
introductory  remarks.  Oovernor  Ladd  then  read  a  brief 
nddress,  Hpcnking  of  the  circumstances  attending  the  mak- 
ing (yf  the  gift,  his  growing  interest  in  I  he  C)bservatory  as  it 
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has  neared  its  completion,  and  his  satisfaction  in  its  plan 
and  equipment.  President  Andrews  received  the  keys  of  the 
building  and  accepted  the  gift  in  behalf  of  the  corporation  of 
the  University,  He  referred  in  his  address  to  the  good 
which  such  an  institution  would  do,  not  only  to  the  college, 
but  to  the  community,  and  to  the  example  thus  furnished  of 
a  noble  gift  for  educational  and  scientific  purposes.  The 
Director  of  the  Observalory,  then  read  a  paper  upon  Ancient  ' 
and  Modern  Observatories,  describing  especially  the  early 
Chaldean  Observatory,  the  Observatory  of  Tycho  Brahe, 
and  showing  the  changes  in  the  aim  of  the  science  of  Astron- 
omy as  well  as  in  its  facilities  for  research  in  modern  times. 

Congratulatory  addresses  followed  from  Professor  E.  C. 
Pickering  of  the  Observatory  of  Harvard  College,  Professor 
William  A.  Rogers  of  Colby  University;  Professor  C.  S. 
Hastings  of  Yale  University,  and  Mr.  J.  A.  Brashear  of 
Pittsburg.  Professor  Pickering  referred  especially  to  the  ex- 
cellent work  done  at  American  observatories,  comparing  in 
quality  with  that  of  European  institutions.  Professor  Wil- 
liam A.  Rogers,  of  Colby  University,  then  gave  an  address  in 
which  he  discussed  the  relation  of  an  .\stronomical  Observa- 
tory to  the  industrial  and  educational  interests  of  the  com- 
munity and  to  scientific  research.  Professor  Hastings  spoke 
of  the  history  of  telescope  making,  especially  of  the  recent 
improvements  in  objectives,  and  gave  an  account  of  the 
special  diflficulties  encountered  in  making  the  equatorial  for 
this  Observatory.  Mr.  J.  A.  Brashear  spoke  of  the  special 
need  of  endowments  for  astronomical  research  and  related 
several  anecdotes  illustrating  this  subject. 

The  exercises  were  enjoyed  by  a  large  company,  more 
than  filling  the  improvised  hall.  Among  the  visiting  astron- 
omers present  were  Professor  H.  A.  Newton,  of  Yale;  D.  P. 
Todd,  of  Amherst;  E.  E.  Reed,  of  Camden,  N.  J.;  J.'R.  Ed- 
mands,  of  Harvard,  and  Alvan  G,  Clark,  of  Cambridgeport, 
Mass.  The  Observatory  thus  starts  its  work  with  the  most 
cordial  sympathy  of  similar  institutions,  and  it  is  hoped  that 
its  future  history  may  be  in  keeping  with  its  auspicious  be- 
ginning. 
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AN     ALT-AZIMUTH     MOUNTING     FOR     A     SMALL    REFLECTING 

TELESCOPE. 


GKORGE  S.  JONES. 
For  The  Messexgkk. 

Some  3'ears  ago  the  writer  had  occasion  to  mount  a  sil- 
ver-on-glass  reflector,  of  5^A  inches  aperture  and  45  inches 
focal  length,  and  was  therefore  led  to  examine  all  the  des- 
criptions and  illustrations  of  mountings  for  such  an  instru- 
ment which  were  easily  obtainable.  Not  wholly  pleased 
with  an}'  of  these,  he  devised  (perhaps  evolved  would  be  a 
better  word)  a  style  of  mounting  which  seemed  to  suit  the 
exigencies  of  the  case — it  was  not  practicable  to  mount  the 
instrument  equatorialh',  for  lack  of  a  suitable  location  for 
it — which  mounting  has  proved  in  every  way  so  satisfactory 
that  he  maj^  possibly  render  a  service  to  some  similarly  per- 
plexed amateur  b}^  giving  a  description  of  it. 

The  mounting  consists  of  a  tripod  stand  surmounted  by  a 
small  turn-table,  which,  with  its  accessories  is  shown  in  the 
annexed  Figure  I.  This  sketch  should  need  but  little  expla- 
nation. The  tube  of  the  instrument  rests  upon  the  saddle 
a,  being  held  looseh'  by  means  of  a  pair  of  leather  straps, 
so  that  it  can  be  readily  turned  about  its  axis.  A  couple  of 
bosses  on  the  tube  impinge  against  the  upper  end  of  this 
saddle  and  prevent  the  tube  from  slipping  downward.  By 
means  of  a  pair  of  hand-wheels,  b  and  c,  a  slow  movement 
in  altitude  and  azimuth  may  be  given  to  the  instrument ;  by 
means  of  a  small  dependent  pin,  r/,  the  azimuth  mechanism 
can  be  thrown  out  of  gear,  when  the  table  is  free  to  be 
turned  completely  around,  if  desirable.  A  rack,  e,  is  pro 
vided  for  the  eye-i)ieccs. 

Figure  II.  shows  a  vertical  section  t)!'  the  table,  in  the 
plane  of  the  movement  in  altitude;  figure  III.,  a  horizontal 
section  at  the  dotted  line  IT. 

The  movement  in  altitude  is  obtained  by  means  of  a  rib- 
bon, ^,  one  end  of  which  is  secured  to  the  table,  and  which 
passes  over  a  roller  at  the  tipper  end  of  the  saddle  and  can 
be  wound  or  unwound  ujjon  the  roller,  /;,  by  means  of  the 
hand-wheel  c.  The  upward  movement  is  caused  by  the 
weight  of  the  lower  end  of  the  tube,  which  is  sii])p()rtcd 
above  its  centre  of  ur.ivitv.     The  tube  can  be  turned  from  a 
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horizontal  to  a  perpendicular  position,  and  can,  therefore, 
be  directed  to  any  point  in  the  heavens  between  the  horizon 
and  the  zenith. 


Fig.  I. 

The  connection  between  the  hand-wheel  c  and  the  roller  h, 
which  winds  the  ribbon,  is  shown  in  Figure  III.  This  wheel 
is  affixed  to  a  hollow  maiidril,  /,  (made  in  this  instance  of  a 
short  piece  of  brass  tubing,  one-half  inch  in  diameter,  turned 
carefully  round  and  smooth),  to  the  inner  end  of  which  is 
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soldered  a  toothed  wheel,  A-,  three-fourths  of  an  inch  in  di- 
ameter, the  centre  of  which  was  cut  away  in  the  lathe,  so 
that  it  could  be  slipped  over  the  end  of  the  mandril,  little 
more  of  it  than  its  teeth  being  left.  This  wheel  gears  with  a 
larger  wheel,  /,  attached  to  the  pinion  of  the  roller,  b.  The 
mandril,  /',  turns  freely  in  its  bearings — it  passes  longitudin- 


/ 


h.A 


d'  p 


V\c,.  II. 


.'illy  through  a  cylindrical  block  of  wood,  which  is  glued 
into  the  table,  in  the  manner  shown  in  the  drawing, — and 
in  order  to  obtain  for  it  a  rcsistence  suHicient  to  counteract 
the  i)ull  of  the  tube;  the  block  in  which  it  turns  is  out  away 
on  the  under  side  to  allow  of  the  insertion  of  a  brake  shoe 
(\\>^i    vlwMA'n    In    (he   (Ir.'iwinir)    Hint     is   licid    in    ])lacc   by   a 
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spring,  the  pressure  of  which  can  be  regulated  by  means  of 
the  thumb  screw  shown  at  w,  Fig.  1.  It  will  be  seen  that 
through  this  arrangement  a  verv  slow  movement,  either 
upward  or  downward,  can  be  imparted  to  the  tube.  More- 
over, this  movement  is  the  smoothest  possible. 

The  main  features  of  the  structure  of  the  table,  for  ob- 
taining an  azimuth  movement,  will  readily  be  understood 
from  a  simple  inspection  of  the  drawings.     The  post  of  the 


Fig.  III. 

stand  is  capped  by  an  iron  disc,  n,  which  is  toothed  on  its 
circumference  to  gear  with  a  worm-wheel,  o,  which  is  con- 
nected, in  the  manner  shown,  with  the  hand-wheel  h.  The 
rod  which  carries  this  worm-wheel  is  journaled  at  its  inner 
end  to  the  post  or  stud.p,  which  has  a  jointed  connection 
with  the  top  of  the  table,  so  as  to  permit  of  the  worm- 
wheel  being  withdrawn  from  its  contact  with  the  disc,  n, 
when  there  is  nothing  to  prevent  the  table  from  being 
turned  freely  on  its  spindle.  The  worm  is  kept  in  gear  by 
the  prCvSsure  of  a  spring,  which  acts  against  the  stud,  p,  as 
shown   at    s  in    the  detached    portion   of  figure  III.     The 
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mechanism  for  throwing  the  worm  out  of  gear  is  shown  in 
the  same  figure,  where  t  is  a  cam  which  acts  upon  the  stud 
p  through  the  intervention  of  an  elbowed  lever,  u,  as  illus- 
trated, and  which  is  connected  with  the  pin  and  lever  r/, 
(Figure  III.)  beneath  the  table. 

To  secure  the  table  to  the  stand  \'et  permit  it  to  rotate 
freely,  a  groove  is  turned  in  the  upper  end  of  the  post  of  the 
stand,  into  which  project  the  ends  of  three  clips,  that  are 
screwed  to  the  under  side  of  the  table,  one  of  which  is  shown 
at  V,  Fig.  II. 

The  feet  of  the  stand  are  shod  with  india-rubber  pads, 
which  I  have  found  a  very  efficient  protection  against  the 
jarring  of  the  ground  occasioned  by  the  passing  of  wagons 
and  street  cars. 

Of  the  advantages  secured  by  this  mounting,  two  princi- 
pal ones  may  be  dwelt  upon.  First,  the  wheels  b  and  c  are 
both  turned  with  the  same  hand  (right  or  left,  as  happens 
to  be  the  most  convenient)  which  can  be  held  continually 
grasping  them  losely  and  can  pass  from  one  to  the  other 
without  "fumbling."  A  little  practice  enables  one  to  turn 
them  simultaneously.  One  of  the  eye-pieces  used  with  this 
telescope  gives  a  power  of  360  diameters,  and  I  never  have 
any  difficulty  in  keeping  an  object  in  its  field. 

A  second  great  advantage  is  that  the  tube  may  ije  turned 
so  as  to  bring  the  eye-piece  (which,  of  course,  is  at  the  upper 
end,  the  instrument  being  of  the  Newtonian  form)  into  that 
position  which  is  the  most  convenient  for  the  observer,  thus 
contributing  to  his  comfort,  which,  as  every  one  knows,  is  a 
great  ])oint  in  observing.  A  still  further  and  ]")erhaps  an 
equally  great  advantage  secured  by  the  readiness  with 
which  the  tube  can  be  rotated, is,  that  one  is  thereby  enabled 
to  vicNV  an  object  imder  different  as|)ects.  Rotating  the 
tube  is  e(iuivalent  to  rotating  the  object,  ami  every  ex- 
perienced observer  knows  the  advantage  of  this.  A  quarter 
of  a  turn  given  to  the  tube  gives  the  whole  field  a  rotation 
of  DO  degrees ;  directions  which  were  right  and  left  become 
up  and  down,  and  one  who  has  tried  this  change  for  the 
first  time,  will  l)e  surprised  to  see  how  differently  everything 
will  appear.  I  have  fVe(iuently  been  able  to  discern  without 
difficulty  with  the  tube  in  one  i)osition  a  faint  object,  of  the 
existence  of  which  I  was  rather  inicertain  when  the  tube 
was  in  .'mother  position. 
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In  conclusion  it  may  be  remark-ed  that  the  mounting 
above  described  being  made  principally  of  wood  (walnut  in 
this  case)  is  calculated  for  home  manufacture. 


CURRENT  CELESTIAL  PHENOMENA. 
THE    PLANETS. 


Mercury,  during  the  first  halt  of  December,  will  be  visible  to  the  naked 
eye  just  after  sunset.  The  planet  sets  from  an  hour  to  an  hour  and  a  half 
later  than  the  sun.  Its  altitude  is  so  low,  however,  that  good  observa- 
tions will  be  almost  impossible  in  the  northern  hemisjjhere.  Greatest 
eastern  elongation  occurs  Dec.  11;  inferior  conjunction  Dec.  28  at  3'' 53'" 
p.  M.  central  time.  In  January  Mercury  will  be  "  morning  star,"  coming  to 
greatest  elongation  west  from  the  sun  Jan.  19. 

Venus  is  "evening  star"  with  Mercury  and  Jupiter.  Venus  and  Mer- 
cury will  be  in  conjunction,  the  hitter  1°  15'  south  of  the  former,  Dec.  5  at 
9  A.  M.  The  phase  of  Venus  is  nearly  full,  diminishing  to  about  0.9  on 
Jan.  1.  Its  brilliancy  is  increasing  slowly  and  the  planet  will  become  more 
easily  visible  as  it  recedes  eastward  from  the  sun. 

Mars  is  "morning  star,"  rising  about  four  hours  before  the  sun,  but  is 
yet  too  distant  from  the  earth  for  satisfactory  observation,  the  diameter  of 
his  disk  being  only  5".  Mars  and  Uranus  will  Ije  in  conjunction,  only  29' 
apart,  Dec.  15,  4  A.  m.  They  will  be  seen  in  the  same  field  of  view  of  a 
smalljtelescope.     Uranus  will  l)e  north  of  Mars. 

Jupiter  may  be  observed  only  in  the  early  hours  of  the  evening.  The 
last  number  of  the  Monthly  Notices  (Vol.  LI,  p  54  <)  contains  an  interest- 
ing paper  by  Mr.  E.  E.  Barnard  on  observations  of  Jupiter  and  his  satel- 
lites during  1890  with  the  12-inch  equatorial  of  Lick  Observatory,  illus- 
trated by  a  complete  drawing  of  the  planet  made  July  30,1890,  and  several 
partial  drawings.  The  most  interesting  points  are  his  observations  of 
Satellite  I  in  transit  across  the  planet's  disk  on  Sept.  8,  1890,  and  Aug.  3, 
1891.  On  the  earlier  date  the  satellite  traversed  a  white  belt  upon  the 
planet  and  appeared  as  a  double  black  spot  or  as  two  black  spots  one 
above  the  other.  On  the  latter  date  the  satellite  traversed  a  dark  belt  and 
was  seen  as  an  elongated  white  spot,  the  elongation  being  almost  perjjen- 
dicular  to  the  direction  of  the  double  black  spot  of  the  earlier  transit. 
These  two  observations  are  ver\'  plausibly  explained  b\'  Mr.  Barnard  as 
indicating  that  the  satellite  has  a  white  belt  encircling  its  equator.  When 
the  satellite  is  seen  on  the  background  of  a  white  belt  of  the  same  brilliance 
of  the  planet,  it  takes  the  appearance  of  two  dusk^-^  spots  which  are  made 
round  by  irradiation.  When  it  is  seen  in  the  background  of  a  dark  belt 
of  the  planet,  the  white  belt  of  the  satellite  alone  is  seen. 

Saturn  is  coming  into  better  position  for  observation.  He  may  be 
found  toward  the  east  after  1**  a.  m.  But  few  observations  of  the  reappear- 
ing rings  have  yet  been  reported  to  us.     Mr.  Marth  has  published  part  of 
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his  epliemerides  of  Saturn's  satellites  in  Monthly  Notices,  supplemental  Xo. 
1891,  but   we  are  sorry  that  this  part  extends  onl\-  to  Dec.  22,  and  that 
the  next  number  is  likely  to  be  too  late  lor  this  issue  of  the  Messenger. 
The  following  .are  the  phenomena  of  the  satellites  predicted  for  December: 
Central  Time. 
Dec.     2        12.8  a.m.        Shadow  of  Rhea  in  transit.  (?) 

Rhea  eclipsed. 

Shadow  of  Titan. 

Shadow  of  Rhea.  (?) 

Rhea  eclipsed. 

Titan  eclipsed. 

Shadowof  Rhea.  (?) 

Rhea  eclipsed. 

Shadow  of  Ti tail. 


4- 
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15 
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6.7     " 

22 

9.0  p.  .M 

It  is  not  known  whether  the  shadow  of  Rhea  can  be  seen  or  not,  and  it 
is  very  desirable  that  this  should  be  looked  for  very  carefully  by  those  hav- 
ing the  use  of  large  telescopes. 

Uranus  is  coming  out  from  behind  the  sun,  but  not  3'et  in  good  position. 
He  may  be  observed  after  4  o'clock  in  the  morning.  The  conjunction  of 
Uranus  with  Mars  has  alread\-  been  referred  to. 

Neptune,  having  just  pas.sed  the  point  on  the  celestial  sphere  opposite  to 
the  sun,  is  in  its  best  position  for  observation  this  \'ear.  As  it  passes  the 
meridian  at  a  high  altitude  the  circumstances  are  all  favorable  for  excellent 
views  of  the  planet.  The  disk  of  Neptune  is,  however,  so  small  that  a 
power  of  200  or  more  is  necessary  to  recognize  it.  To  see  the  satellite  re- 
quires a  large  telescope  and  power  of  300  or  more. 
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15 4  19.8  -|-  19  49          J    "3     "  '"^  39-7     ''  4  of>  " 

25 4  19-2  -t-  19  4«  12  33     "  7  59.8     •'  3  26  '• 

THK  sr.\. 

Dec.  25 18  16.2  —  23  24         7  36  A.  M.  12  00.3  F.  .M.  4  25  p.  .\1. 

Ian.    5 19  04-S  -  22  37         7  37     '•  12  05.6     "  4  34  " 

15 19  48.3  -  21  07         7  30     "  12  09.6     "  4  41  " 

25 20  30.6  —  18  58        7  27     "  12  12.5     "  4  58     " 


Jupiter's 

Satellites. 

Central 

Tiine. 

Central 

Time. 

li     in 

h     m 

1(> 

4  51  P. 

M.         I  Sh.  Kg. 

Dec. 

80 

4  39  P 

.  M.      Ill 

Ivc.  Dis. 

18 

G  27     ' 

II  Oc.  Dis. 

5  12     ' 

I 

Tr.  In. 

1<) 

5  10     ' 

IIITr.  In. 

0  25     ' 

I 

vSh.  In. 

S  3S     ' 

Ill  Tr.  Eg. 

7  31     • 

I 

Tr.  Eg. 

20 

4-  17     ' 

11  Sh.  In. 

7  40     ' 

:^"1 

Ec.  Re. 

4-  :n    ' 

II  Tr.  Eg. 

S  42     ' 

Sh.  Eg. 

7  06     ' 

II  Sh.  Eg. 

81 

0  00     • 

I 

Ec.  Ke. 

9  08     ' 

IV  Oc.  Dis. 

Jan. 

3 

7  04  p. 

M.         II 

Tr.  In. 

21 

S  43     ' 

I  Tr.  In. 

5 

6  29     ' 

II 

Ec.  Ke. 

10  01 

I  Sh.  In. 

<; 

4  41     ' 

IV 

Oc.  Dis. 

22 

(>  04 

1  Oc.  Dis. 

7  12     • 

I 

Tr.  In. 

<)  af) 

I  Ec.  Ke. 

7   15     • 

III 

Oc.  Ke. 

2:5 

4  80 

I  Sh. In. 

7 

4  82     ' 

I 

Oc.  Dis. 

5  82 

I  Tr.  Eg. 

7  :^(^ 

I 

Ec.  Ke. 

0  47 

I  Sh.  Eg. 

s 

5  07     ' 

I 

Sh.  \^. 

25 

9  11 

11  Oc.  Dis. 

10 

9  50     ' 

II  Tr.  In. 

26 

9  25 

Ill  Tr.  In. 

14 

4  13 

II 

Sh.  Eg. 

27 

4  21 

II  Tr.  In. 

0  32 

I 

Oc.  Dis. 

6  54 

11  Sh. In. 

15 

4  46 

I 

Sh.  In. 

7  14 

II  Tr.  Eg. 

5  53 

IV 

Sh.  Eg. 

9  48 

11  Sh.  Eg. 

fi  01 

I 

Tr.  Eg 

21) 

S  08 
S  83 

1  Oc.  Dis. 
IV  Sh.  In. 

7  03 

I 

Sh.  Eg. 

Configuration  of  Jupiter's  Satellites  at  7:30  p.  m.,  for  an  Inverting  Telescope. 

Jan.     1      4  2  1   O   3           Jan.  12          8  1   O  4  •  Jan.  22  4  2   O   3  H 

2            4  0  312'         18             30124  23  04123 

343102                   14         2  1043  24  10242X 

4     4  3  2  O   1                   15      2  4  10  3  25  3  2  O   1  4 

584102                   16             40123  26  31204 

6  012««17      41302  27  3   0   124 

7  2048»           18      43201  28  1034ir 

8  21   O   34                1943  12  O  29  2         134 

9  O   1  8  2  4         20         4  3  O   1  2  30  C  243  • 

10  13   C   24                21      4  1  2  O  3  81  1         8  4  2 

11  8  2  O   1  4 
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Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 

R.  A 0'>52'"  32» 

Decl +  81°  17' 

Period 2rfll*'50'" 

3  p.  M. 

3  a.  m. 

3  V.    M. 
2  A.   M. 


Dec.  16 
19 
21 
23 
28 

.Inn.  2 
7 
12 
17 
21 
26 
31 


2  *• 
1  " 
1  " 
1  " 
midii. 
midn. 
inidn. 


ALGOL. 

R.  .\ 3''01'"01' 

Decl +  40°  32' 

Period 2cf20''49"' 

Dec. 


Jan. 


18 

3  p.  M. 

30 

2  a.  m. 

1 

11  p.  M. 

4 

7  "  . 

7 

4   " 

19 

3  A.  M. 

21 

midn. 

24 

9  p.  M. 

27 

6   " 

30 

3   " 

A  TAl'KL 

R.  A 3'' 54'"  35' 

Decl +  12°  11' 

Period 3f/  22''  52'" 

Dec. 


16 

(»  A.  M 

20 

4   " 

24 

3   " 

''S 

•>      " 

1 

1    " 

4 

midn. 

8 

1 1  p.  M 

12 

10   " 

16 

9   " 

20 

7  " 

24 

6   " 

28  ♦ 

5   " 

K  CAXIS  MAJ. 


R.  A 

Decl 

Period 
Dec.  19 
20 
22 
23 
27 
28 
30 
31 
5 
6 
8 
13 
14 
16 
17 
21 
22 
23 
25 
30 
31 


Jan. 


7''  14"'  30 
..  -16°  30 
Id  03" 16" 

7  P.  XI 

10  " 

1   A.  .M 

5  " 

6  P.  .M 
9     " 

1  A 

4 

8  I 

11  " 

3  A.  M 

7  P.   M 

10     " 

2  A.  M 


6  l*.   M. 

9     " 
midn. 
4  A.  M. 
8   I'.  M. 
11    A.   M. 


M. 


>r. 


S  ANTLI.4^:. 

K.  A 9"  27'"  30' 

Decl -     28°    9' 

Period Od  07"  47'" 


Dec. 


Jan, 


16 
17 
18 

19 
20 
21 
22 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
1 


5  A.  M. 

4  " 
3     " 

3  •' 

')     " 

T  '• 
1    •• 

midn. 
1 1  p.  M . 
11      " 

6  A.  M. 

6     " 

5  " 

4  " 
4  •' 
3     " 


S  ANTLL4^,   Cont. 
Jan 


.  2 

midn. 

3 

'' 

4 

11  p.  M 

o 

10   " 

6 

6  A.  M, 

7 

6  " 

8 

5  '■ 

9 

4  " 

10 

4  " 

11 

3  " 

12 

2  " 

13 

2 

14 

1   " 

14 

midn. 

15 

midn. 

16 

11  p.  M 

17 

10  '* 

18 

6  a.  m. 

19 

5  '• 

20 

5  " 

21 

4  •' 

22 

3  " 

23 

3  " 

2^ 

2  " 

25 

1   " 

26 

1   " 

26 

midn. 

27 

midn. 

28 

1 1  p.  M 

29 

10  " 

30 

10  " 

8.  CANCKI. 

K.  A 8"  37'"  3*r 

Decl +  19°  26' 

J'criod 9f/ll''  38'" 

Dec.  30  9  p.  M. 

Jan.  18  s       ■ 

U.  CORONJi. 

K.  A 15"  13'"  43" 

Decl +  32°  03' 

Period 3c/  10"  51"' 

Dec.  17  (>  a.  m. 

24  4     " 
31  1      " 

Ian.  24  .">     " 


Lunar  Iiclii>sc  at  Nortbficld.  During  the  )j;rcater  pari  of  tlic  time  of  the 
cclipHcnt  NorthficUl,  Nov.  15,  the  «ky  wn«  thickly  covered  with  clouds,  so 
thnt  alt  olmcrvntioHH  of  use  were  impossildc. 


Current  Celestial  Phenomena.  ,  olS- 


/Approximate  Central  Times  when  the  Great  Red  Spot  passes  the  Central  Mer- 
idian of  Jupiter. 


Dec.  K) 

s 

36  1'.  M.      Jan. 

1 

11 

47' P.  M. 

Jan.  17 

5 

02   p.  M 

17 

4 

27      " 

2 

7 

38      " 

18 

10 

49      •' 

IS 

10 

14      " 

3 

3 

30      " 

19 

6 

40      •* 

19 

(j 

06      " 

4 

9 

17      •' 

20 

o 

32      " 

20 

11 

53      •' 

5 

5 

08      " 

21 

8 

19      " 

21 

7 

44      " 

6 

10 

55      " 

22 

4 

10      " 

22 

3 

35      '• 

/ 

6 

46      " 

23 

9 

57      " 

28 

9 

22      " 

S 

2 

38      " 

24 

5 

48      " 

24 

5 

14      " 

9 

S 

25      '• 

25 

1 

40      " 

25 

11 

01      " 

10 

4 

16      " 

26 

7 

27      •• 

26 

6 

52      '• 

11 

10 

03      •' 

27 

3 

18     " 

27 

2 

43      " 

12 

5 

54      " 

28 

9 

05      " 

28 

8 

30      " 

13 

11 

41      •' 

29 

4 

56      " 

29 

4 

21      " 

14 

7 

33      " 

30 

10 

43      " 

30 

10 

OS     '■ 

15 

3 

24      " 

31 

(5 

34      *• 

;u 

(> 

00      " 

16 

9 

11      " 

Phases  and  Aspects  of  the  Moon. 

Central  Time, 

d           h  111 

Last  Quarter Dec.    22   .11  39    p.m. 

Apoj^ee "       23  Noon. 

New  Moon "       30        9  20    v.  m. 

I'erij^ce Jan.      5      11  06    a.m. 

First  Quarter "         6        7  12    p.  M. 

Full  Moon "       13        9  27    P.  M. 

Ajmsee •       20        9  12    a.m. 

Last  Quarter "       21        9  43    p.m. 

New  Moon "       29      10  38    a.  m. 


Occultations  Visible  at  Washington. 


IMMERSIO.N. 

EMERSIO.N. 

Star's 

Magni- 

Wash. 

Angle 

Wash. 

Angle. 

Dura- 

Date. 

Name. 

tude. 

Mean  T. 

Irom  N. 

Mean  T. 

IromN. 

tion. 

1891 

— 2 

h     m 

o 

h     m 

h    m 

Dec. 

«7. 

..A  Cancri 

5-7 

12    36 

128 

13  57-9 

256 

I    22 

iS.. 

.H.A.C.  3138 

i>-3 

II    30 

77 

12    44.4 

311 

I    14 

19. 

..V  Leonis 

3-3 

13    4S 

141 

15  10.2 

272 

I    22 

Jan. 

8.. 

..(J  Pisciinn 

5-5 

6  04 

'5 

7  01 

276 

0  57 

10. 

..r  Tauri 

4-5 

4   10 

«5 

5  08 

229 

0  58 

10. 

..99  Tauri 

6 

'3  03 

128 

>3  53 

221 

0  50 

II., 

..139  Taui-i 

5 

12  49 

98 

14  03 

264 

I   14 

12. 

..39  Geniinorum    6 

13  06 

J  34 

14  08 

244 

I  09 

lO. 

../  Leonis 

6 

II   14 

175 

11  51 

232 

0  57 

24. 

..IS  Ophiuelii 

7 

»7  25 

74 

18  24 

334 

0  23 

Dark  Transit  of  Jupiter's  Third  Satellite.  Last  night,  Nov.  6,  at  5*' 
17'"  p.  M.  (90th  M.  T.),  I  observed  a  dark  transit  of  Jupiter's  third  satel- 
lite—intensely  dark  and  apparently  smaller  than  its  shadow  which  it  pre- 
ceded 5  hours.  M\'  observations  extended  from  6  minutes  after  ingress  un- 
til egress,  4  minutes  before  which  the  intetisitv  began  gradualh'  fading 
away  until  it  was  with  difficulty  held  steadily  with  my  4''4-inch  telescope. 

At  beginning  of  emersion  the  bright  image  i)rotruded  from  the  disk  of 
Jupiter  as  in  ordinary  transits  but  wanting  in  brilliancy. 

Charlestown,  Ind.  Willis  L.  Barnes. 
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COMET  NOTES. 


Dec.  12 
13 
14 

»5 

16 

17 
.18 

19 
20 
21 
22 
23 
24 

25 
26 

27 

2<S 
29 
30 

3« 
Jan.     I 


Ephemen's  of  Comet  1891  (WoIPs  Periodic 
(Continued  from  page  4-(>9.) 

App. 
h 


'!oniet). 


).  R.  A. 

App 

Decl. 

log  J 

m        s 

° 

18      16 

-  14 

40.4 

0.0068 

17      50 

43-^ 

17     36 

46.3 

0.0146 

17     03 

48.4 

16     41 

49.9 

0.0224 

16      21 

50.9 

16      03 

51-4 

0.0304 

15       46 

51-4 

•5     30 

50.8 

0.0384 

15     16 

49.8 

15    04 

48.3        , 

0.0466 

14     53 

46.4 

14     44 

44.0 

0.054S 

14     37 

41.2 

14     31 

3«.o 

0.0630 

14     27 

34-3 

14     25 

30-3 

0.0713 

14     24 

26.0 

14     25 

21.2 

0.0796 

14     28 

16.2 

-t 

-  14 

10.8 

0.0870 

Ephenieris  of  Winnecke's  Periodic  Comet 
iKroni  .\str.  Xach.  No.  30012.) 


BfVm  Mid- 

1 

night. 

Ap]..  K.  A. 

Ap 

p.  Docl. 

log.  r. 

l(,g.  J 

r"-i  J'2 

189*  Dec.     5 

ir  46  31 
47  43 

+ 

•3  07.1 
05.1 

0-4233 

0.4150 

0.021 

7 

48  55 

^>3-3 

S 

50  07 

01.6 

9 

5.   18 

1 7,  00.0 

o.4i7'> 

0.4002 

0.023 

ID 
II 

52  29 

53  40 

li  58.5 
57-' 

12 

54  50 

55-9 

'3 

56  01 

54.8 

0.4124 

0.3850 

0.025 

H 

57  " 

5.V8 

•5 

5«  20 

52-9 

16 

59  30 

52.2 

"7 

12  00  39 

51.6 

0.4067 

0.3691 

0.028 

18 

1   4« 

51.2 

»9 

^  5^' 

50.9 

20 

4  04 

50.8 

21 

5   »2 

50.8 

o.40o<> 

'>.352'S 

0.031 

22 

6   19 

5"- 9 

23 

7  27 

5 '-3 

24 

«  33 

51.8 

25 

9  40 

52.4 

<).394<) 

"•3559 

"•"35 

26 

10  46 

53-3 

27 

'«  5> 

54-3 

2K 

12  56 

55-5 

29 

14  01 

56.8 

0.3889 

0.3184 

o.o3() 

3" 

11;  015 

.5«.4 

3< 

1  ;  00.2 

Current  Celestial  Phenomena.  317 

wfcintht.            App.  R.A.  App.Decl.      log  r  1...  J          -^^ 

1S92  Jan.    I  17   12  02.1 

2  18  15  04.2  0.3827         0.3004        0.043 

3  19  17  06.6 

4  20  19  09.1 

5  21  20  1 1.9 

6  3K    20  14.9  0-3763             0.2l^S             0.048 

7  23  20  18. I 

8  24  20  21.5 

9  25  19  25.2 

10  26  17  29.0  0.3698    0.2626    0054 

11  27  15  33.2 

12  28  12  37.5 

13  29  08  42.1 

14  30  04  47-0  0.3632    0.2430    0.061 

15  30  59  +  13  521 


lirouks'  Periodic  Comet,  1886  IV.  In  Astrononiische  Nachrichten,  No. 
30t)4-,  Dr.  S.  Opi)enheiiTi  gives  the  results  of  his  investigations  of  the  orbit  of 
this  comet.  He  finds  the  observations  of  1886  to  be  liest  represented 
by  a  jjeriod  of  5.00  years.  They  are,  however,  fairly  well  represented  bv 
]jeriods  varying  three  months  each  way  from  this,  so  that  the  time  of  re- 
turn t(^  periliclion  is  very  uncertain.  Tiie  most  prol)able  system  of  elements 
woukl  bring  the  comet  to  perihelion  January  IH,  1892.  It  would  then  lie 
in  xinfavorable  position  to  be  seen  from  the  earth  and  there  would  lie  little 
hope  of  detecting  it.  If  jjerihelion  should  occur  earlier  than  that  time  the 
conditions  would  be  still  more  unfavorable.  Should  the  comet  delay  its 
return  imtil  April  or  May  it  would  be  in  the  Ijest  ])oa»ible  position  to  be 
found.  Dr.  Oppenheim  has  calculated  si.\  search  ephemerides,  varying  the 
time  of  perihelion  30  days  Ix'tween  each  set.     We  give  part  of  the  first  two 

Perihelion  March  1.  Perihelion  March  Hi. 

lSi)2                      a                   6  Light               (r                 if  Light 

li        111  '  h        111  "        ' 

[an.     1 14- 4-0.8  —     7  28  ().()•)  13  47.3 -f    14.6  0.10 

11 lo  17.t)  —  16  33  0.11  14.  15.8—    0  52  0.12 

21 15  51.3  —  13  33  0.13  14  44.6—    3  34  0.14 

31 16  26.5  —  10  20  0.15  15  144—    6  17  0.17 

l\>b.  10 17  02.6—18.50  0.16  15  45.9—    9  03  0.22 

20 17  39.6  —  20  58  O.lS  16  18.8  —  11  49  0.27 

Double  Shadow  of  Jupiter's  Satellite  I.  On  the  night  of  Xov.  14,  after 
the  egress  of  Jupiter's  Satellite  I,  I  was  watching  the  shadow  as  it  hung  on 
the  edge  of  the  great  red  spot,  and  while  intently  observing,  the  round 
sliadow  seemed  to  become  oblong,  in  wliich  form  it  stayed  for  at  least 
thirty  minutes  and  then  the  shadow  seemed  to  open  and  presented  a  double 
sliadow,  both  round  and  black,  the  one  much  sm.'dler  than  the  other. 

Was  it  really  a  double  shadow  or  was  the  second  shadow  a  smaller  in- 
terior body  ? 

It  might  have  been  the  result  of  the  larger  shadow's  contact  with  a 
dark  spot  in  the  belt,  but  the  little  black  dot  remained  after  the  egress  of 
the  shadow  of  I.  H.  O.  Hoffman. 

Rloomington,  111. 
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NEWS  AND  NOTES. 


This  issue  closes  the  tenth  vohime  of  The  Messenger,  and,  with  it,  a 
large  number  ot"  subscriptions  expire.  After  reading  the  notices  of  change 
of  plan  of  publication,  for  the  next  A-ear,  all  those  whose  subscriptions 
have  expired  are  respectfully  asked  to  notify  the  publisher  at  Northfiekl, 
Minnesota,  whether  or  not  the  publication  is  desired  for  the  _Year  1892. 

Materially  Changed  and  Enlarged.  Commencing  with  the  January 
number  the  name  of  this  publication  will  be  The  Sidereal  Aiessenger  and 
Astro-Physical  Journal.  The  subscription  price  for  the  \ear  1S92  will  be 
four  dollars,  and  the  number  of  pages  in  each  of  the  ten  regular  issues  for 
the  year,^ill  be  at  least  eight}',  and  a  greater  number  when  occasion  re- 
quires it.  The  sizes  and  kinds  of  type,  in  general,  will  be  the  same  as  those 
heretofore  used,  but  the  size  of  the  page  will  be  somewhat  increased  to  ad- 
mit larger  plates  and  cuts  which  ma}-  be  called  for  in  illustrated  articles  to 
which  special  attention  will  be  given. 

Reasons  for  Change  of  Plan  of  Publication.  In  view  of  the  recent 
wonderful  discoveries  in  Astro- Phj'sics  by  the  aid  of  the  spectrosco])e  and 
the  photographic  plate,  it  has  been  thought  wise  to  give  more  special  at- 
tention to  the  theme  of  spectroscopy,  and  in  order  to  do  this,  large  in- 
crease of  si)ace  is  necessary  to  re])resent  well  tlie  varied  work  that  is  now 
going  on  in  this  new  field  of  science  in  Europe  and  America.  To  accom- 
plish this  in  the  best  and  must  successful  way,  additional  editorial  help  is 
also  necessary,  and  it  is  our  good  fortune  to  announce,  that  Professor 
George  E.  Hale,  Director  of  the  Kenwood  IMiysical  Observatory,  of  Chi- 
cago, has  recenth'  decided  to  take  charge  of  that  ])art  of  the  editorial 
work,  and  it  gives  us  great  pleasure  to  sa\-  that  he  will  have  full  control 
of  all  the  matter  jx^rtaining  to  research  in  this  and  kindred  branches  of 
IMiysics.  For  this  responsible  jjosition,  we  are  sure,  no  better  choice  could 
have  been  made,  especially  among  our  younger  scientific  men,  for  he  is  a 
ready  writer,  among  the  foremost  in  his  chosen  field  of  research,  and  his 
recent  discoveries  iti  ])hotogra])hing  the  solar  jjrominences  have  justly 
drawn  attention  to  his  work  from  leading  scientists  in  all  ])arts  of  the 
world. 

For  a  year  or  more,  Dr.  li.  C.  Wilson,  Assistant  I'rofessor  of  Astron- 
omj'  nt  Carleton  College,  has  prepared  nearly  all  the  data  that  have  a])- 
pearcd  under  the  title  of  Current  Celestial  Phenomena,  and  it  is  a  gratifica- 
tion to  us  to  announce  ihat  he  will  continue  in  charge  of  this  work  for  tlio 
coming  year  with  such  changes  in  |)lan  as  seems  to  him  wise. 

With  all  this  very  considerable  increase  of  expense  for  the  coming  year, 
it  is  sincerely  lio|)ed  that  our  old  subscribers  will  stand  by  us,  and  thereby 
liid  in  making  this  ])ublication  in  its  new  form  one  of  the  strongest  :iiul 
^Cftt  journnls  posniblc  in  the  kin<lre(l  branches  of  Physics  and  .\stronomy. 

Chart  of  the  Metric  Syatcm.  The  Amcricnn  Mctrologicnl  Society  has 
rftxntly  publiHhcd  a  chart  of  the  Metric  System,  containing  figures  illtis- 
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tniting  the  length  of  the  meter,  decimeter,  centimeter  and  dimensions  of 
other  units  of  ihe  system.  The  chart  is  printed  in  bold  type  and  the  figures 
xlrawn  to  such  a  scale  as  to  make  it  easy  for  any  one  not  acc|uainted  with 
the  system  to  use  it  readily  and  intelligibly.  This  chart  ought  to  be  in 
everv  school  room  in  the  land.  It  costs  only  ten  cents  and  it  can  be 
obtained  by  api)lying  to  the  American  Metrological  Society,  4-1  Hast  -ti) 
Street,  New  York  City. 

New  Superintendent  of  the  British  Nautical  Almanac.  Mr.  .\rthur  -M. 
W.  Downing  has  been  appointed  to  succeed  Dr.  Hind  as  superintendent  of 
the  British  Nautical  Almanac.  Pie  will  enter  upon  the  responsibilities  of 
his  office  at  the  beginning  of  next  year.  Mr.  Downing  is,  at  present,  one  of 
the  chief  assistants  at  the  Royal  01)servatory  at  Greenwich,  having  Ijeen 
connected  with  that  institution  for  many  \'ears.  He  is  also  one  of  the 
secretaries  of  the  Royal  Astronomical  Society.  We  but  rejjeat  the  words 
of  one  of  the  prominent  English  astronomers  in  saying  that  no  more  com- 
j)etent  man  for  the  ])ost  could  have  been  selected. 

Underwooil  Ohservatory.  The  erection  and  equipment  of  the  I'nder- 
wo(k1  Observatory  at  Lawrence  Universit}',  Appleton,  Wis.,  is  of  interest 
from  a  scientific  standjjoint,  and  also  because  it  shows  what  a  man  can  ac- 
complish if  he  is  determined  in  his  undertaking. 

In  June,  1886,  Professor  L.  \V.  I'nderwood  was  elected  lo  the  chair  of 
Astronomy  and  Mathematics  in  Lawrence  University.  At  that  timethecmly 
appliances  for  astronomical  work  in  the  institution  was  a  5-inch  telescope 
on  wheels,  to  be  rolled  from  one  side  of  the  cupola  of  the  Universitj'  build- 
ing to  the  other;  the  roof  of  the  cupola  prevented  any  observations  within 
45  '  of  the  zenith,  and  hence  the  whole  outfit  was  practically  a  failure. 

Knthusiasm  in  astronomical  work,  however,  began  to  increase,  and  in 
the  fall  of  1889  rrofes.sor  Underwood  determined  to  have  a  first-class  as- 
trononncal  outfit  for  educational  work.  Accordingly  he  set  to  work  to 
bring  about  the  much  needed  addition  to  the  University.  Having  planned 
a  l)uilding  he  presented  his  case  to  the  citizens  of  .\ppleton  asking  them  to 
contribute  the  necessary  funds  to  erect  the  building,  on  condition  that  the 
instruments  be  secured  from  outside  parties.  The  money  for  the  proposed 
building  was  readily  pledged  and  at  the  annual  meeting  of  the  Trustees  in 
June,  1890,  I'rofessor  Underwood  made  the  following  projjosition  ((juoted 
from  his  report  at  dedication)  "  I  will  undertake  the  completi(jn  of  this  en- 
terprise provided  you  will  ])ii\  my  traveling  ex])enses  necessary  to  the  rais- 
ing of  the  money."  The  jiroposition  was  accepted,  and  in  seven  weeks  time 
$17,000  had  been  secured  to  the  enterprise  and  to-day  Lawrence  University 
tas  an  astronomical  outfit  consisting  of  a  ten-inch  Clark  equatorial,  a  four- 
invh  transit,  mean  time  and  sidereal  clocks,  a  chronograph  and  a  spectio- 
scopc.  For  educational  work  there  are,  if  I  mistake  not,  but  three  obser- 
vatories in  the  United  States  that  have  more  elaborate  outfits  than  has 
Lawrence,  aid  this  is  due  to  the  energy  and  perseverence  of  one  man. 

The  telesco|)e  is  a  gift  of  Hon.  Philetus  Sawyer,  of  Oskosh,  Wis.;  the 
sidereal  clock  was  donated  l)y  Mr.  Woodard,  of  Clinton,  Wis.;  the  mean 
time  clock,  by  Mrs.  Witter,  of  Grand  Rapids,  Wis.;   the   chronograj>h,  by 
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Mr.  and  Mrs.  Elmore,  of  Milwaukee  and  the  spectroscope  by  Mr.  Britten, 
©f  Green  Bay,  Wis. 

The  planning  of  the  building,  the  securing  of  the  money  and,  in  fact, 
everything  connected  with  the  enterprise  is  the  result  of  Professor  Ututtar 
wood's  personal  work  and  I  am  confident  that,  if  properly'  used,  the  uni- 
versity will  1:)e  known  farther  on  account  of  this  work  than  for  any  other  it 
has  ever  accomplished. 

Professor  Underwood  and  those  who  have  thus  made  liberal  donations 
in  the  interest  of  science,  arc  entitled  to  much  credit,  and  the  Professor 
should  be  generouslv  treated  b\'  the  board  of  trustees  in  order  that  this 
auspicious  lx;ginning  ma\'  accomplish  the  utmost  good,  and  that  his  ser- 
vices may  not  be  required  in  other  fields. 

I  had  the  pleasure  of  being  present  and  delivering  the  address  at  the 
dedication,  and  also  had  an  opportunit\-  of  visiting  the  Observatory.  The 
building  is  exceedingly  complete  and  convenient  in  all  its  appointments, 
and  for  all  the  purjioses  for  which  it  is  intended  can  not  well  be  improved. 
The  ten-inch  Clark  equatorial,  mounted  by  Professor  H.  G.  Sedgwick,  of 
Nashville,  Tenn,,  is  especially  to  be  commended  for  the  solidity  and  sta- 
bility of  its  mounting  and  the  convenience  of  its  appointments,  and  is 
everythimr  that  can  be  desired  for  educational  work. 

M.  D.  EwKi.i..  M.  n.,  LI..  i>. 

Variability  of  the  Nucleus  of  the  Great  Nehuhi  of  Andromeda.  On 
my  first  examination  of  the  .Andromeda  Xebula  with  the  lO-inch  refractor 
of  Goodsell  Observatory  on  the  night  of  Nov.  9,  1891,  I  was  struck  with 
the  stellar  apjx'arance  of  the  nucleus  of  the  nebula.  My  recollection  of  the 
nebula  in  former  years  and  with  different  telesco])es  was  that  the  nucleus, 
although  very  much  condensed,  became  diflfuse  on  the  ajjplication  of  high 
])owers.  On  this  occiision,  however,,  there  was  a  point  in  the  nucleus 
which  became  more  starliUc  with  each  increase  of  ])ower  above  200.  Tiic 
nebulosity  faded  out  almost  entirely,  leaving  a  jK-rfect  star,  about  equal  in 
brightness  to  the  nearest  star  preceding  the  nucleus  by  about  IV.  This 
star  is  spoken  of  by  Professor  Young  (Sin.  Mi:ss.  Vol.  IV,  p.  282)  as  of  the 
11  til  magnitude. 

.\gain  on  Nov.  19,  from  Ti-t")  tt)  8:00  i-.  .\i.,  I  examined  the  nebula  and 
found  the  same  stellar  apjicarance  with  high  jjowers.  With  low  powers  the 
l)i>int  seems  nebulous  and  is  almost  in  theceiiter  of  the  nucleus,  but  with 
high  powers  it  is  in  the  lower  (northern)  jvirt  of  the  nucleus.  It  isecpially 
bright  with  the  star  to  the  left  (  preceding)  and  less  briglit  than  the  one  <li- 
rectly  ab<ive  (south) 

It  will  l)c  remembered  that  in  188.")  a  new  star  appeared  in  this  ncl)iila 
a  few  seconds  north  of  the  center  of  the  nucleus,  which  rapidly  diminished 
in  brightnrHK  until  after  a  few  months  it  became  invisible  in  the  largest  tele- 
HcojR'X.  My  itn]»rc»«ion  on  Nov.  9  was  that  this  star  had  again  api)eared, 
but  the  present  star  seems  to  be  nearer  the  center  of  nncleiis;  its  distance 
.  cannot  exceed  2". 

In  the  "  fiiifilish  Mechanic"  for  Nov.  0,  Isol.  just  received,  .Mr.  D. 
Packer  callx  attention  ti>  the  apparent  variability  of  the  nucleus  of  the 
.\ndromeda  ncbulii.     Collating  observations  from  various  soiu'ces,  some  of 


News  and  Notes.  521 

them  made  at  the  time  when  the  new  star  of  1885  was  visible,  he  derives  a 
possible  period  of  45.2  days  between  maxima.  The  last  maxinnim  noted  by 
Mr.  Paeker  was  about  Sept.  11,  1891.  Carrying  forward  the  period  4-5.2 
dars  would  bring  my  own  observations  at  about  the  time  of  a  minimum. 

Mr.  Isaac  Roberts  had  already'  announced  ])hotographic  evidence  of 
variability  in  the  nucleus  of  this  nebula  in  Monthly  Notices,  Jan.,  1891.  In 
some  of  his  photograi)hs  of  the  nebula  the  nucleus  appears  strongly  stellar, 
in  others  not  at  all  so.  The  stellar  ajipearance  is  indejiendcnt  of  the  dura- 
tion of  exjKjsure,  plates  exposed  5'",  15'",  l**  and  3^  all  showing  it.  The 
following  is  the  summary  of  evidence  from  Mr.  Robert's  photographs: 

1885,  Aug.  30,  exposure  30  minutes,  no  stellar  nucleus. 

1886,  Oct.  24',  73  minutes,  faint  stellar  nucleus. 

1887,  Oct.  10,  3  hours,  very  faint  stellar  nucleus. 

1887,  Nov.  15,  2  hours,  35  minutes,  no  trace  ol  stellar  nucleus. 

1888,  Oct.  1,  2  hours,  no  stellar  nucleus. 

1888,  Oct.  2.  2  hours,  32  minutes,  no  stellar  nucleus. 

1888,  Dec.  29,  4  hours,  no  stelhir  nucleus. 

1890,  Oct.  12,  3  hours,  5  minutes,  not  stellar. 

1890,  Nov.  1,  15  minutes,  nucleus  very  strongly  stellar. 

1890,  Dec.  9,  5,  15  and  60  minutes,  nucleus  strongly  stellar  on  each 
])late. 

It  seems  important,  fn^m  the  above  that  very  close  watch  should  Ik- 
kept  over  the  nebula  of  .\ndromeda,  es])ecially  by  those  having  telescoi)es  of 
considerable  aperture,  so  that  data  may  be  forthcoming  from  which  to  in- 
vestigate the  jieriod  and  cause  of  variation  of  the  nucleus.  There  are 
also  several  stars  in  the  vicinitv  which  seem  to  varv  in  light.         ii.  c.  vv. 


The  Total  Lunar  Eclipse  of  Nov.  15  whs  n<jt  observed  very  .generally 
because  of  cloudy  weather,  as  we  have  learned  by  private  corresi)ondence. 
We  are  under  obligations  to  Mr.  J.  R.  Hoo|)er  of  Baltimore  for  the  follow- 
ing account  of  observations  at  Philadelphia:  "The  ecli])se  this  evening  was 
viewed  with  scientific  care  from  the  astronomical  observatories  at  Haver- 
ford  College  and  the  High  School.  .\t  the  latter  institution  Professor  Mon- 
roe R.  Snyder  was  on  hand  with  a  class  of  fifty  students.  The  cloudy 
weather  that  jirevailed  during  the  advent  and  consummntion  of  the  eclipse 
\vas  a  great  disapi)ointmcnt  to  I'rofessor  Snyder,  as  it  prevented  all  accu- 
rate views.  At  7:52  o'clock,  however,  just  l)efore  totality  of  icli])se  was 
reached,  the  sky  cleared,  and  the  atmos])here  became  very  j)ropitious.  The 
professor  had  hoped,  during  the  time  of  totality,  to  observe  the  immersion 
and  emersion  of  the  stars.  w.hich  can  be  viewed  more  conveniently  at  this 
]jeriod.  The  only  stars  that  he  distinguished,  however,  were  of  the  eighth 
and  tenth  magnitude."    These  were  not  identified. 

Xew  Director  nt  Detroit  Observatory.  Since  the  appointment  oi  Pro- 
fessor W.  W.  Campbell  to  the  jjosition  of  Astronomer  at  Lick  Observatorv 
there  has  been  a  vacancy  at  Ann  Arbor,  in  the  Detroit  Observatory,  at 
least  so  far  as  resident  director  is  concerned.  At  a  meeting  of  the  Board 
of  Regents  of  the  University  of  Michigan,  Nov.  18,  Professor  W.  J.  Hussey 
was  ajjpointed  .\cting  Director.  We  learn  with  pleasure  that  this  needful 
provision  is  made  that  tiie  old  and  well-known  Observatory  at  .Ann  Arbor 
may  continue  its  scientific  work  tor  which  it  has  been  so  justly  famed  in 
the  ])ast. 
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History  of  the  Telescope.  In  the  address  ot  Professor  Hastings  on  the 
liistorj-  of  the  telescojje,  given  in  your  August  number,  I  was  surprised  to 
read  (p.  3+0) : — "  Another  notable  discovery  of  this  period  was  that  of  tlie 
duplicity  of  the  rings  of  Saturn  bv  the  Ball  brothers  in  1665,  though  its  in- 
dependent discovery  b3-  Cassini  ten  years  later  first  attracted  the  attention 
of  astronomers."  It  is  now  well  known  that  the  belief  that  the  Ball  broth- 
ers made  this  discovery  was  founded  on  mistake.  More  than  ten  years 
ago,  I  drew  attention  to  the  doubtfulness  of  it,  and  in  consequence  of  the 
investigation  which  was  soon  afterwards  initiated  by  myself  (see  'The  Ob- 
servatory," Vol.  v.,  p.  331,  Nov.  1882,  Vol.  VI,  p.  185,  June  1883),  the  na- 
ture of  the  misconception  which  attributed  the  discovery  to  William  and 
Dr.  Ball  was  fully  explained.  Cassini  was  the  first  to  notice  the  ]5rincipal 
division  in  Saturn's  ring. 

Aug.  31,  1891,  London,  W.  W.  T.  Lv.nn. 

The  delay  in  ])ublishing  Mr  Lynn's  letter  is  partly  accounted  for  b\' 
our  vacation  months  of  summer,  and  partly  on  account  of  delay  in  corre- 
sjjondence  to  account  for  the  differences  of  statement  by  Mr.  Lynn  and  Dr. 
Hastings.  Sjieaking  of  Mr.  Lynn's  criticism,  Dr.  Hastings  said  "  It  led  me 
to  look  at  the  original  communication  in  I'hil.  Trans.  1666.  It  is  truly 
surprising  that  it  should  have  been  assumed  from  that  account  that  the 
Ball  brothers  saw  the  division  in  the  ring:  and  yet  Grant's  History  of 
Astronomy,  Xewcomb's  Popular  Astronomy' and  countless  other  works  of 
less  authority  make  the  statement  unreservedly  that  these  observers 
anticipated  Cassini  by  ten  j'ears. 

"The  order  of  discover^',  arranged  in  order  of  difficulty,  should  have 
been.  I  am  quite  sure.  Cassini's  division  and  then  the  three  smaller  of  the 
old  five  satellites;  certainly  the  division  should  have  been  discovered  before 
III  and  IV." 

Mr.  U.  W.  Lawton,  of  Jackson,  Mich.,  favors  us  with  a  large  ])hoto- 
graph  of  his  private  Observatory  and  a  brief  descri])tio!i  of  its  inside  ar- 
rangement. He  has  a  fine  -I-inch  Clark  eipiatorial,  and  he  now  wishes  to 
obtain  a  good  driving  clock  and  jjosition  micrometer.  Also  a  two-inch 
transit  instrument.  Persons  Having  good  secimd-liand  instruments  of  the 
kind  named  who  wish  to  dispose  of  them  may  possibly  do  so  from 
information  herein  given. 

Professor  F.  11.  Hif^elow's  Recent  Discoveries  .At  the  recent  niccling 
of  the  International  P(il;ir  Commission  nt  Munich,  (ieneral  \.  W.  OrcelY 
brought  to  the  attention  of  the  Commission  the  discoveries  and  investiga- 
tionn  of  Profeshor  Frank  H.  Bigelow  in  regard  to  magnetism,  so  fully 
cIcKi'riljcd  in  The  Tribune  last  September.  General  Oreeley  strongly  urged 
some  action  on  the  part  of  the  Commission  toward  the  discussion  of  this 
imi)ortanl  subject.  I'rofessor  Neumayer,  director  of  the  Deutsche  Sce- 
warle,  supported  (Jeneral  (»reely's  view  of  the  (piestion.  It  appeared,  how- 
ever, that  the  delegates  from  a  majority  of  the  coinitiies  represented  had 
limited  powers,  which  terminate<l  with  the  publication  of  the  observations 
made  by  thiir  own  expeditionH.  As  the  reports  of  the  delegates  indicated 
♦  li.ii  ;il!  1  lir  fiii««iiig  rcpoi!  H  twr  in  pt(»ci'K<<  of  jiiiblic.'it  ion,  ( he  Commission 
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dissolved.  But  before  final  adjournment  the  merits  of  Professor  Hijjelow's 
paper  were  discussed  in  the  most  favorable  manner  by  several  members  of 
the  Commission,  especially  by  J'rofessor  Neumayer,  of  Germany,  and  the 
distinpuished  rejiresentative  from  France,  I'rofessor  Mascart,  of  the  Col- 
lej^e  of  France.  The  Sentiment  was  so  favorable  that  the  Commission 
delegated  to  a  committee  its  ])owers,  and  authorized  it  to  act  in  its  name. 
General  Greelv  was  named  as  ])resident.  with  Professors  Mascart  and  Xeu- 
mayer  as  colleagues.  The  committee  was  further  to  invite  as  co-operat- 
ing members  I'rofessor  Mendenhall,  of  the  United  States  Coast  and  Geo- 
detic Survev,  and  Professor  Harrington,  of  the  United  States  Weather 
Bureau.  The  committee  believes  that  the  work  liegun  so  successfully  by 
Professor  Bigelow  will  supplement  largely,  if  it  does  not  entirely  perfect, 
the  Gaussian  tl  eory  of  magnetism.  It  is  hoi)ed  that  through  Professor 
Harrington's  action  in  ai)pointing  Professor  Bigelow  a  professor  of  the 
Weather  Bureau,  the  latter  gentleman  may  be  enabled  to  ))ursue  his  re- 
.searches  far  enough  to  reach  results  of  importance  to  both  magnetism  and 
meteorology.— AT.  Y.  Tribune,  Nov.  10,  1891. 

The  Sydney  Observatory.  .\  pamphlet  recently  ])ublishcd  by  John 
Tebbutt  setsfoith  some  facts  of  interest  concerning  the  Sydney  Observatory 
of  New  South  Wales.  From  this  pamphlet  we  learn  tiiat  the  Minister  of 
Public  Instruction,  Sept.  9,  1891,  brought  before  the  Legislature  of  New 
South  Wales,  a  statement  of  the  numljer  of  |)ersons  employed  in  the  Gov- 
ernment Observatory  and  the  salaries  paid  in  the  years  1880  and  1890,  to- 
gether with  the  total  cost  of  the  establishment,  including  instruments  for 
ten  vears,  which  was  C-l-l.lOH  and  that  of  this  sum  C24-,598  was  j)aid  for 
the  maintenance  of  the  meteorological  department  alone.  These  facts  were 
published,  and  some  jjublic  criticism  was  made  in  respect  to  the  large 
amount  pro])ortionally  ex])ended  for  meteorology  and  the  small  results 
that  had  latterly  accrued  in  the  interest  of  astronomy.  Mr.  Tebbutt  then 
wrote  an  article  for  publication  in  the  '  Herald,"  of  Sycbiey  which  for  some 
reason  did  not  ap])ear.  The  article  gives  a  brief  but  interesting  account  of 
the  work  done  in  the  ])ast  at  the  Sydney  Observatory,  and  justly  S|>eaks  of 
it  with  commendation,  but  it  also  calls  attention  to  the  small  amount  ot 
])ublished  results  that  have  appeared  during  late  years  and  cpiestions  the 
wisdom  of  allowing  observations  to  amass  in  this  way,  wherein  the  danger 
of  loss  of  them  is  grtat  to  say  nothing  of  the  disadvantage  to  science  in 
such  delay  of  i)id)lication.  Because  Mr.  Tebbutt's  article  was  rejected,  he 
has  published  the  facts  in  pamjihlet  form. 

Washington  Amateur  Astronomical  Society.  By  kindness  of  Mr. 
W.  E.  Woods.  Washington,  I).  C  information  was  given  too  late  for  last 
month's  jiublication,  that  a  ])roject  was  on  foot  in  the  Capitol  City,  to 
form  an  .\mateur  Astronomical  Society.  Something  of  its  i)lan.  as  then 
understood,  may  be  gathered  from  the  loUowing  brief  statements  furnished 
by  Mt.  Woods:  The  "  .\mateur  Astronomical  Society  of  Washington  "  is 
l)rojected  for  the  purpose  suggested  by  its  title.  When  organized,  it  will 
welcome  all  lovers  of  astronomy  within  its  portals,  and  followers  of  other 
branches  of  science  will  be  admitted  to  mcml)ershi|)  with  an  equal  welcome. 
If  it  becomes  a  certainty,  it  will  be  especially  favored  in  its  investigations 
by  the  tendered  use  of  two  well-e(|uipped  i)rivate  observatories,  and  a 
laboratory',  also  j)rivate,  where  the  highest  classes  of  astronomical,  astro- 
physical,  and  analytical  work  can  be  performed.  Further,  it  is  intended  in 
the  luture  that  the  society  will  be  addressed  at  least  once  :\  week  by  some 
eminent  professor  of  science,  and  further  considerations  will  probably  be 
obtained  from  the  Naval  Observatory,  when  that  isiompleted  and  all  its 
instrumental  arrangements  are  perfected.  No  city  of  this  or  any  foreign 
country  oflers  better  facilities  or  inducements  for  the  amateur  scientist, 
than  Washington,  and  the  material  for  the  organization  to  be  obtained 
here  is,  if  anything,  su])erior  to  that  of  most  other  cities.  The  annual 
meetings  of  other  societies  in  this  city  will  give  the  new  society  superior 
advantages. 
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Astronomical  Physics.  Judging  from  the  evidences  that  have  corae  to 
hand  during  the  last  ten  da^-s,  the  large  venture  that  The  Messenger 
makes  in  practicalh'  adding  another  and  a  new  journal  to  its  contents,  we 
have  not  mistaken  the  wants  of  our  readers  or  wrongly  estimated  the  field 
of  our  patronage.  As  we  have  pondered  this  thing  carefully,  we  are  more 
and  more  certain  that  astronom\-  of  jjosition  needs  the  help  of  Astro-phys- 
ics and  that  the  old  and  the  new  should  be  side  by  side,  constantly  lending 
to  errh  other  the  mutual  aid  they  are  naturally  calculated  to  give. 

BOOK  NOTICES. 

Star-Land.  Being  Talks  with  Young  People  about  the  Wonders  of  the 
Heavens.  By  Sir  Robert  Slawell  Ball,  F.  R.  S..  Royal  Astronomer  of 
Ireland.  Publishers,  Messrs.  Ginn  &  Companv.  1892,  jip  384.  Intro- 
duction.    Price  $l.(iO. 

This  book  is  just  what  its  name  indicates.  It  had  its  origin  in  two 
courses  of  lectures  provided  by  the  Royal  Institution  of  Great  Britain,  at 
Christmastide  b\'  the  author,  in  the  \"ears  1881  and  1S87,  and  which  were 
])repared  for  juvenile  audiences.  The  course  consists  of  seven  lectures  on 
the  following  themes,  viz.:  The  Sun,  Moon,  Inner  Planets,  Giant  Planets, 
Oomets  and  Siiootiiig  Stars,  Stars  and  How  to  Name  the  Stars.  Each 
lecture  ])resents  the  essential  points  belonging  to  its  subject,  in  easy- 
worded  language,  and  illustrations  are  given  frecpiently  where  needed  to 
avoid  obscurity  of  statements,  or  to  give  more  definite  ideas  for  the  grasp 
of  young  minds  in  dealing  with  the  great  thoughts  common  to  the  studv  of 
Astronomy.  The  verbal  illustrations  used  by  the  author,  in  bringing  out 
the  various  phases  of  his  subjects,  are  very  excellent,  and  we  do  not  see 
how  the  j)resentation  of  this  matter  could  have  l)een  made  more  useful  or 
interesting.  We  wish  young  ])eopIe  every  where  could  be  favored  as  rov  al- 
ly in  this  way.  as  is  the  custom  in  Great  Britain  by  giving  annually  such  a 
course  of  illustrated  lectures.  Where  this  is  not  done,  the  next  thing  is  to 
j)rovide  for  them  good  books  and  encoiu"ige  the  reading  of  them.  This 
book  is  es]>ecially  suited  to  interest  and  instruct  young  ])eo))le  in  Astron- 
omy. 

Co]K*rnic  et  la  Deconverte  du  Systeniedu  monde.     Par  Cannlle  Flammarion. 

I/ibrairie  Marpon  &  Flammarion,  26  Rue  Kacine,  prcs  lOdiJon,  Paris. 

Tiiis  excellent  little  book  of  2+9,  12mo  ]):i'.ics  is  the  first  of  a  scries  of 
works  which  the  able  French  astronomer,  Caniillc  Flammarion,  is  writing 
on  the  general  subject  of  ".Astronomy  and  its  Founders."  He  takes  Co- 
])ernicus,  Galileo,  Ke])Ier  and  Newton  as  the  real  founders  of  modern  as- 
tronomy .'ind  ])ro])oses  "to  write  the  history  of  tiiese  great  geniuses  in  a 
l)opular  form  which  will  set  forth  scientific  truth  at  tlio  same  time  with  the 
life  and  works  of  these  illustrious  men."  If  the  author  succeeds  as  well  in 
the  later  works  as  in  the  first  one,  lie  will  certainly  have  jjcrfbrmed  a  very 
nsefid  service  in  bringing  within  icacli  of  all  the  facts  and  ctiuses  in  the  lives 
of  these  men  wiiich  led  to  their  great  success. 

This  book  is  written  in  very  simple  and  i)leasing  style  and  is  interest- 
ing throughout.  The  first  chapter  gives  a  statement  of  the  aneietit  ideas  of 
astronomy  an<l  the  state  of  llie  science  at  the  time  of  Copernicus.  The 
followmg  chapters  give  account  of  his  ancestry,  childhood,  early  influences 
anti  education,  study  of  medicine  at  Cracow,  choice  of  astronomicd  voci- 
lion,  visit  at  Rome,  first  astronomical  researches,  etc.  All  those  facts  are 
given  which  one  lik*  tn  know  aboiit  a  grcit  in.'ui.  His  works  are  then 
taken  up.  .'iiul  those  stiulics  which  Kd  up  to  his  .ibandonmcnt  oi  the  old 
theory  of  the  innverse  aiul  construction  of  the  new  system,  iiis  long  hesita- 
tion t\\n\  final  decision  to  |nd)lisli  his  book  and  dedicate  it  to  the  Pojie,  are 
trcaletl  in  an  interesting  manner.  The  last  eliapter  gives  very  brief  .ac- 
coinitH  of  the  life  and  works  «)f  Cojiernieiis'  successois,  lyeho  Br;ihc.  Moest- 
lin,  Gialileo,  Kepler  and  Newton.  In  an  appendix  a  useful  ri'sume  of  the 
workh  ol  Coperniiiis  i»  gi\en. 
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